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THE growth in our knowledge of the hereditary process 
resulting from the rediscovery of Mendel’s classical 
paper has been one of the features in the development ot 
science since 1900. Following upon the initial stimulus 
the new knowledge has flowed in so steadily, so surely, 
and so inevitably that the geneticist can scarcely help 
asking why it was so long delayed—why heredity, now in 
the van of biological process, should so long have been 
regarded as a subject more fitted to speculation than to 
serious inquiry. An adequate answer to this question 
would involve taking into account the general trend of 
thought for some centuries, and could be but rashly 
attempted by one without the training of the professed 
historian. Still, the biologist with an interest in the 
growth of ideas may perhaps help by jotting down the 
impressions left upon his mind when dipping into the 
works of his predecessors, and it is with this hope that lL 
have attempted to piece together sundry fragments gath- 
ered in the course of some desultory reading. 

Few subjects concerned with definite knowledge have 
excited keener controversy than that of the generation of 
animals. This is only to be expected in a matter which 
touches man so nearly, where the salient facts seldom lie 
very near the surface. We know that the question as to 
the relative parts played by the sexes was actively de- 
bated by the Greek philosophers, and that the rival views 
which eventually emerged are those associated more 
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especially with the naines of Hippocrates and of Aris- 
totle. According to the former the new creature was 
formed through the conjunction of seminal fluids pro- 
duced by either sex: according to the latter the vital prin- 
ciple was contributed by the male alone, the female’s 
function being that of providing a suitable substratum or 
soil. But beyond noting the existence of these two views 
I do not propose to enter further into the controversies 
which they occasioned. Throughout the domination of 
Rome and the middle ages little or nothing of importance 
appeared. The Hippocratic doctrine found supporters 
in Galen and Averroes, while Aristotle’s views were 
championed by most of the Christian writers such as 
Thomas Aquinas, Albertus Magnus and Egidius Colonna, 
though on neither side do we find much beyond a weari- 
some reiteration of the same old arguments for or against. 
On the whole the latter may be said to have prevailed, 
partly owing to the great authority of Aristotle in the 
middle ages, and partly perhaps because their views were 
more consonant with the patriarchal systems of society 
then generally in vogue. With the dawn of scientific 
anatomy through Vesalius and Fabricius, and of experi- 
mental physiology through Harvey, we at length reach a 
fresh phase. The new spirit of questioning, of refusing 
to take things upon trust from authority, however great, 
soon began to make itself felt in matters pertaining to 
the mystery of generation. Moreover, it was regarded 
as an axiom that every structure had a definite purpose— 
that ‘‘nature makes nothing in vain”’ is a dictum of con- 
tinual recurrence. Each fresh mechanism revealed by 
the skill of the dissector was a fresh challenge to explain 
its use and function. The suggestions made were often 
absurd,’ but this was of relatively small moment, for out 
of the conflict between opposing views something like the 
truth eventually emerged. Theories as to the function of 


1 Thus Gerardus Blasius gives the ‘‘usus’’ of the thyroid as ‘‘to cool the 
hot vapours ascending to the head, and to contribute to the beauty of the 
neck.’? However, it was many years before a more satisfactory explanation 
was discovered. 
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organs became more and more sharply circumscribed as 
the knowledge of structure became more and more exact. 
This was also true for the generative process, though 
owing to the complexity of the organs involved and to the 
differences between the sexes the problem here was one 
of greater difficulty. Nor was it possible—though at the 
time this was hardly realized—to resolve the matter 
without the aid of strong magnifiers, and these were not 
brought into use until the latter part of the seventeenth 
century. 

Of those who attempted to found a theory of genera- 
tion upon methods of observation and experiment one of 
the earliest, and certainly the most celebrated, was 
William Harvey, whose ‘‘ Anatomical Exercitations on 
the Generation of Animals’’ first appeared in Latin in 
1651. For his investigations with mammals Harvey was 
fortunately placed in having the run of the deer parks 
belonging to Charles I. His method was to make a care- 
ful examination of the genital tract in the doe before, and 
at various intervals of time after coupling. The princi- 
pal conclusions reached by him were (1) that nothing 
passed from the female testis (or ovary) into the uterus, 
and (2) that the uterus did not receive the sperm from 
the male—both of which conclusions we know now to be 
entirely wrong. Yet they were reached by the most 
brilliant experimenter of his age, using a perfectly sound 
method upon unrivalled material. Harvey’s failure was 
largely due to the backwardness of optical science. Had 
suitable lenses been available he must have got at least 
as far as de Graaf did a quarter of a century later. 

On the picturesque title-page of the ‘‘Exercitationes’”’ 
appears the legend ‘‘ex ovo omnia”’ (Fig. 1), and to 
Harvey is generally ascribed the credit of having formu- 
lated this generalization. It must, however, be remem- 
bered that to Harvey ‘‘ovum’’ meant something quite 
distinct from the term in its modern usage. For him it 
was a small mass of undifferentiated organic matter 
which, under the influence of the appropriate stimulus, 
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Fic. 1. Portion of title-page (enlarged) from Harvey’s Exercitationes de 
Generatione Animalium, London, 1651. 


became gradually fashioned into the form of the species 
from which it was derived. The eggs of birds, the pupae 
of insects and the early embryonic stages of mammals 
before uterine fixation were all equally ‘‘ova.’’ In the 
ease of higher animals the conjunction of the male was 
essential. For, though the sperm did not actually take 
part in the formation of the embryo, it emitted some in- 
tangible influence, the ‘‘aura seminalis,’’? without which 
the epigenetic development of the embryo was unable to 
proceed. Through this influence Harvey explained such 
likeness as the offspring showed to the father. The func- 
tion of the uterus was to form ova, as was that of the 
brain to form ideas, and the ovum as the conception or 
‘‘idea’’ of the uterus was so influenced by the ‘‘aura 
seminalis’’ as to develop in various ways a likeness to the 
male parent.’ 

2Gautier d’Agoty in his ‘‘Observations sur l’histoire naturelle ete.’’ 
(Paris, 1752) gives a brief abstract of various ideas on generation from 


Plato onwards, and alludes to Harvey in the following terms: ‘‘ Harvey, 
de sa pure grace, donne aussi des oeufs & toutes les femelles, ne distinguant 
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Harvey’s position was thus not far removed from that 
of Aristotle whom he acclaims throughout as his master. 
In either case the male contributes an intangible emana- 
tion, and the female definite material. Harvey marks an 
advance in so far as he insists that her contribution is 
living matter, and not merely an inert soil in which the 
vital principle of the male can fructify. 

In the year in which Harvey’s ‘‘ Exercitationes’’ ap- 
peared was also published a little book, by Dr. Nathaniel 
Highmore, entitled *‘The History of Generation, exam- 
ining the several Opinions of divers Authors, especially 
that of Sir Kenelm Digby in his Discourse of Bodies.”’ 
After censuring certain ‘‘conceipts’’ of Sir Kenelm the 
author proceeds to give his own ideas on the subject. In 
some measure, like Fabricius and Harvey, he bases them 
upon his own observations on the incubated hen’s egg, 
which, owing to his use of magnifying lenses, are perhaps 
to be preferred to those of the older authors. As Harvey 
represented the Aristotelian tradition, so Highmore may 
be said to represent the Hippocratic. At the same time 
he puts forward views of his own which we meet with 
later in the works of other writers—more especially 
Buffon. Living bodies for Highmore are conglomerates 
of ‘‘atoms,’’ and life is a process of gradual dissolution 
in which the body suffers a continual loss of the atoms 
that compose it. Such losses are restored by nutrition, 
whereby fresh atoms are ingested as food, and eventu- 
ally reach the blood through whose medium they cireu- 
late throughout the body. From the blood the various 
organs select such material atoms as they require to 
make good their losses, viz., ‘‘those Atomes which they 
find to be cognate to themselves. Amongst which the 


les animaux ovipares d’avec les vivipares, que par la maniére différente dont 
les foetus des uns et des autres prennent leur accroissement. La génération 
de ces oeufs, selon Harvey, est 1’ouvrage de Matrice, qui ne congoit que par 
une éspece de contagion, que la liqueur du male lui communique; et pour 
donner une idée précise méchanique, il dit que la Matrice congoit le 
foetus, comme le cerveau concoit les idées. Sans doute, il ecrivoit pour des 
gens qui scavoient déja comment se formént les idées.’’—Tom. FE; pe PE): 
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Testicles abstract some spiritual Atomes belonging to 
every part; which had they not been anticipated, should 
have been attracted to those parts, to which properly 
they did belong for nourishment.’” 

The formation of the seed by the generative glands, 
both male and female, is thus brought into line with the 
ordinary processes of tissue building, a definite advance 
in thought. 

Like Harvey and the rest of his contemporaries, High- 
more believed in spontaneous generation. 

Animals arising from corruption of other creatures (as Eeles from Mud; 
Flies and Wormes from Beasts; the Scarabeus from Oxen; Lice from the 
filth of most Creatures.) These I say, grow up upon the mutual juncture 
of such Atomes, which before lay scattered in the bowels of some other 
compound; and wanted nothing but union to fashion them into such a 
frame and structure: which, as soon as possible they can obtain their free- 
dom, put themselves in rank and order, and become another living thing; 
differing from that species whence it had its birth.4 

That the necessary union is a matter of chance would 
appear from Highmore’s ideas on the origin of mistle- 
toe. The essential atoms of this plant were supposed by 
him to exist in the ground and to be sucked up by the host 
plant which absorbed the atoms of which it could make 
use, at the same time rejecting those peculiar to the mis- 
tletoe. These gradually accumulated in the form of small 
lumps, and, discovering their different nature, ‘‘thrust 
out those stalks, and leaves, and fruit, which we eall 
Misselto.’”° 

In his conception of the generation of higher animals, 
whether viviparous or oviparous, Highmore is nearer to 
the truth than Harvey. Both parents ‘‘contribute such 
Atomes, as being laied together in their proper places 
would constitute an Individuum of that Species.’ The 
female contributes in addition the nourishment for the 
erowing foetus through the store of white and yolk in 
the egg, or by means of the placental blood stream. On 


¢“History of Generation,’’ 1651, p. 44. 
4 Op. cit., p. 58. 
5 Op. ctt., p. 59. 


6 Op. ctt., p. 62. 
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the essential point that both parents make a definite 
material contribution in the form of similar germinal 
‘*Atomes,’’ Highmore is quite firm, alleging in support 
of his contention the resemblance of the offspring to both 
parents. ‘*This is the cause too,’’ he says, ‘‘why the 
Foetus or Infant hath parts some resembling the Father, 
some the Mother, having sometimes the Mother’s Lip, the 
Father’s eye, &., according to the prevaleney of the 
respective Atomes.’”* 

On the origin of the female seed, a much debated point 
even among those who alleged its existence, Highmore is 
also clear, and in the right, arguing that it must be pro- 
duced by the female testicles (—ovaries)—else ‘‘why 
should we suppose Nature, beyond her Custome, should 
abound in superfluities and useless parts.’’® 

Towards solving the mystery of generation Highmore 
had got about as far as it was possible to get with the 
technical means at his disposal. Nevertheless, the best 
opinion of the time can not be said to have advanced 
much upon the teaching of Hippocrates. 

About this time, however, there entered a new factor in 
the rapid improvement of optical science. Spinoza 
ground his lenses, and men began to see. Early among 
them was Regenerus de Graaf, whose famous treatise, 
‘*De mulierum organis generationi inservientibus,’’ ap- 
peared at Leyden in 1672. By a series of masterly 
observations on the rabbit he proved conclusively that 
the female testicle—or as he now termed it, the ovary°— 
produced very small bodies which, on analogy with birds, 
must be regarded as true ova. That the female makes a 
material contribution to the offspring, the origin of this 

7 Op. cit., p. 92. 

8 Op. cit., p. 85. 

9Tf we may believe Swammerdam it is probable that in this conception 
de Graaf was in, some measure indebted to the teaching of Steno and van 
Horne (cf. Swammerdam’s ‘‘Miraculum Naturae, sive Uteri Muliebris 
Fabrica,’’ Leyden, 1672). It is also unlikely that the stimulus to his 


investigations on the rabbit came from Everaerts’ ‘‘ Novus et Genuinus 
Hominis Brutique Animalis Exortus,’’ Medioburgi, 1661. 
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DE GRAAF 
DE MULIERUM ORGANTS 


Fic. 2. Engraved title from de Graaf’s work on the Female Organs 
of Generation. 


contribution and to a large extent its nature were points 
decided by de Graaf, even though controversy was yet to 
rage around them. 

In certain respects de Graaf’s ideas were erroneous. 
He held, for example, that fertilization was effected 
within the ovary through some mysterious influence of 
the male sperm. Nevertheless, they marked a notable 
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advance, and as such were quickly accepted by most of 
the prominent biologists of the time. Before de Graaf’s 
day almost every work dealing with the subject of gen- 
eration contained discussions, often long and wearisome, 
as to whether the female produced seed, and if so from 
what organ it sprang. Henceforward such discussions 
may be said to have come to an end. De Graaf had given 
a new and precise meaning to Harvey’s aphorism, and 
all anatomists became ‘‘ Ovists.’’ 

As so often happens, the new idea did not escape its 
extravagant phase, and there were those who were in- 
clined to ascribe to it an even greater importance than 
was warranted by the facts as known. Though the actual 
date can not be fixed, there is evidence that the famous 
theory of ‘‘emboitement’’ was originally put forward by 
Swammerdam about this time.*? According to it the 
development of the ovum was merely an unfolding or 
‘‘evolutio’’ of what had always existed within it from the 
day of creation. Eve’s ovary contained in miniature the 
individuals of all mankind. What was commonly spoken 
of as the process of generation was merely a stimulus 
afforded by the male through the ‘‘aura seminalis,’’ 
whereby what was already in existence and preformed 


10 The following passage is taken from the French translation (1682) of 
the ‘* Historia Generalis Insectorum,’’ originally published in Latin in 1669. 
**Qui plus est on peut entendre de cette maniére comment Levi etant encore 
dans les reins de son pere, & payé la dime avant que d’étre nai: Car, dit 
l’eeriture, il étoit encore dans les reins de Son pere lorsque Melchisedec vint 
audevant d’Abraham. Enfin on pourroit méme (suivant le sentiment d’un 
trés scavant homme & qui nous avons fait part des secrets de nos experiences) 
déduire de ce principe l’origine de ndtre corruption naturelle; en concevant 
que toutes les creatures ont éte renfermées dan les reins de leur prémiers 
peres.’’ (p. 47). In the ‘‘Miraculum Naturae,’’ published three years 
later in 1672, the last sentence is expanded into the following form: ‘‘Et 
ipsius etiam originariae corruptelae fundamentum, eruditissimi Viri judicio, 
cui conatus et experimenta nostra subinde patent, jam inventum esset, cum 
quicquid est hominum in lumbis Adami et Evae oeclusum fuerit: quibus ceu 
necessarium consequens adjungi posset: Ex haustis his ovis humani generis 
finem adesse.’’ (Quoted from the third edition, London, 1680). One 
would like to know who the ‘‘ Vir eruditissimus’’ was, for it seems not im- 
probable that it was he who was responsible for the idea of emboitement. 
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received an impetus to growth. The mystery of new life 
was thrown back upon the primal creative act. The 
Church approved, and the view rapidly gained ac- 
ceptanee. Probably an important factor in bringing this 
about was the publication in 1674 of Pére Malebranche’s 
‘*Recherche sur la Verité,’? a work which rapidly ran 
through several editions and was translated into several 
tongues. Malebranche refers to Swammerdam and states 
as his own opinion 

That all the Bodies of Men and of Beasts, which shall be born or pro- 
due’d till the End of the World, were possibly created from the Beginning 
of it: I would say, That the Females of the original Creatures were for 


ought we know, created together, with all those of the same species which 
have been, or shall be, begotten or procreated whilst the world stands.11 


Whether through the influence of Malebranche or not, 
the idea of emboitement quickly gained adherence among 
the learned, and we find the cautious Ray referring to it 
in 1693 as ‘‘non omnino ineredibile.’”? Though, as will 
appear later, it was opposed by a few distinguished men, 
it dominated the thought of the greater part of the 
eighteenth century. It may be said to have reached its 
culminating point in Bonnet’s celebrated ‘‘Considera- 
tions sur les Corps Organisés’’ (Amsterdam, 1762) where 
many pages are devoted to its elaboration, and the theory 
which probably originated with Swammerdam or his 
learned friend is now generally associated with Bonnet’s 
name. 

The Ovists, however, were not to have it all their own 
way. As optical improvements had brought them into 
existence, so was their further existence to be threatened 
by further improvements of a like kind. In 1677 that 
indefatigable amateur microscopist, Anton v. Leeuwen- 
hoek, wrote a letter to the Royal Society of London, tell- 


11 ‘“ Treatise concerning the Search after Truth’’ (translated by T. Tay- 
lor, M.A., Magd. Coll. Ox.), London, MDCXCIV, p. 15. For this reference 
I am indebted to my friend, Dr. J. Needham. 

12¢*Synopsis Methodica Animalium Quadrupedum et Serpentini Generis,’’ 
London, 1693, p. 32. 
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ing how a young student of the name of Ham had demon- 
strated to him the presence of innumerable ‘‘vermiculi”’ 
energetically swimming in the sperm of a man.” 
Leeuwenhoek set to work to examine the sperm of the 
males of all sorts of creatures, and he established the fact 
that the presence of similar ‘‘vermiculi’’ was a normal 
feature of all such fluids, though of none others that he 
examined. Microscopes as good as Leeuwenhoek’s were 
rare in those days; still it was not long before his ob- 
servations were confirmed by other workers, among 
whom may be mentioned more especially Nicolas Andry“ 
in France and Anton Vallisnieri in Italy. The interest of 
Leeuwenhoek’s ‘‘vermiculi’’ was at onee recognized,’ 
and indeed they may be said to have been born in contro- 
versy. For shortly after Leeuwenhoek had published his 
account, Nicolas Hartsoeker, a French authority on 
optics, laid claim to the discovery, stating that he had 
demonstrated the existence of such ‘‘vermiculi’’ to 
friends two years before Leeuwenhoek’s letter appeared. 
In his ‘Essai de Dioptrique,’’? which appeared in 1694, 
he reiterates his claim, substantiating it with a wonder- 


13 Fridericus Schrader states that spermatozoa were first detected by Ham 
in the semen of Gallus. ‘‘Primus, quod sciam, in Batavia in Semine galli id 
detexit curiosissimus Vir Dn. D. Ham, amicus meus charissimus, qui inter 
alia mihi retulit, se Semina sterilium accuraté examinisse, nee tamen vel 
unicum animaleulum in iis reperiisse.’’ ... (See Schurig’s ‘*Spermato- 
logia,’’ Frankfort, 1720, p. 30). 

14“*Tf you cut up a dog, and after you have taken off one Testicle, by the 
help of a Microscope examine the Humour that comes out of the deferent 
vessel, you shall discover in it such a hideous number of little worms, that 
you shall hardly be able to believe your own Eyes.’’ ‘‘An Account of the 
Breeding of Worms in Human Bodies,’’ London, 1701, p. 179. 

15 Thus we find Sir Thomas Browne in a letter to his son dated December 
9, 1679, writing as follows: ‘‘I sawe the last transactions, or philosophicall 
collections of the R. S. Here are some things remarkable, as Lewenhoeck’s 
finding such a vast number of little animals in the melt of a cod, or the 
liquor which runnes from it; as also in a pike or . . .; and computeth that 
they much exceed the number of men upon the whole earth at one time; 
though he computes that there may bee thirteen thousand millions of men 
upon the whole earth, which is very many. It may bee worth your read- 
ing,...’? (‘*Works,’’ ed. S. Wilkin, I, London, 1836, p. 270). For 
this interesting reference I am indebted to my friend, Dr. Joseph Needham. 
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ful figure of a human sperm seen under a high magnifica- 
tion (Fig. 3). The figure of the miniature foetus tucked 
up inside the head of the sperm leaves nothing to be 
desired on the score of clearness, nor did Hartsoeker 
overlook the necessity of providing the means for attach- 
ing it later to the uterine wall. This he supposed to be 
afforded by the tail of the sperm which subsequently 
developed into the umbilical cord. Pictures of the 
‘*homunculus’’ within the head of the spermatozoon were 
also given in 1699 by Frangois de Plantades, secretary of 
the Monpellier Academy of Sciences, writing under the 
pseudonym of Dalenpatius,’® and these figures are repro- 
duced by Leeuwenhoek” and by Vallisnieri (Fig. 4). It is, 
however, doubtful whether they are to be taken seriously. 
Leeuwenhoek himself lays no claim to having observed 
such detail, though he thought he could distinguish two 
different kinds of sperms corresponding to the male and 
female sexes. Still, these published figures doubtless 
helped in transferring the ‘‘emboitement’’ theory from 
Eve to Adam. Hartsoeker himself supported it, stating 
that ‘‘selon cette pensée les premiers males auroient été 
créez avec tous ceux de méme espece qu’ils ont engendrez 
et qui s’engenderont jusqt a la fin des siecles.’** But 
perhaps its most influential advocate was Nicolas Andry, 
of Paris, of whose book, originally published in France 


16 ‘Nouvelles de la Republique des Lettres,’’ Mai, 1699. Amsterdam,. 
MDCXCIX. 

17 Leeuwenhoek is sometimes credited with the picture of the ‘‘homun- 
culus,’’ but this is probably due to a printer’s error. The plate in the 
‘¢Continuatio Arcanorum Naturae,’’ on which the ‘‘homunculi’’ are found, 
is engraved ‘‘ Pag. 68,’’ and on this page is found the reference to Leeuwen- 
hoek’s own figures of human sperms. But on page 86 Dalenpatius’ figures 
are referred to as being shown on the accompanying plate. In the two 
copies of the work that I have seen this plate is missing. I think it probable 
that the plate on which the ‘‘homunculi’’ are shown should have been labelled 
to face page 86, and that the legend ‘‘ Pag. 68’’ is an error. Possibly the 
figures referred to on page 68 were not reproduced, as there is a footnote 
to the effect that ‘‘Figurae hae in actis Philosophicis delineatae cernuntur.’’ 
Certainly Leeuwenhoek states that he is unable to confirm Dalenpatius” 
account. 

18 ‘* Essai de Dioptrique,’’ Paris, 1694, pp. 230-231. 


No. 683] OVISTS AND ANIMALCULISTS 493 


Fic. 3. Picture of ‘‘homunculus’’ from Hartsoeker’s Essai de 
Dioptrique, Paris, 1694. 


Fic. 4. ‘‘Homunceuli’’ as figured by Dalenpatius. 
(Reproduced from Leeuwenhoek.) 


in 1700, an English translation appeared in 1701 as ‘‘ An 
Account of the Breeding of Worms in Human Bodies.”’ 
It is in the main a work on human parasitology, and it is 
characteristic of the times that it should also treat fully 
of the ‘‘Spermatick Worms.’’ Nevertheless, Andry 
recognizes clearly that they must be placed in a category 
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by themselves, being ‘‘the very creatures that are after- 
wards brought forth by the Female’’; for he says ‘‘why 
may not they enter into the Egg, and after that assume 
the nature of the Foetus?’’ While supporting the em- 
boitement theory he recognizes the difficulty created in 
the great disparity of sizes involved, but disposes of it in 
a passage that is not without charm. 


Let us [he writes] hold by this great Principle; That nothing is great 
nor little in itself; that it is only so in respect of our Body; and thus it 
does not follow that it is so absolutely, since our Body is not a certain mea- 
sure by which we must judg of what ought to be the Extent of other Bodys. 
We are ourselves very little in respect of the Earth, still less in respect of 
the Space contained betwixt us and the fixed Stars, still less and less in 
infinitum in respect of the immense Spaces which we may still imagine 
greater and greater in infinitum. 

God might have created Men, in respect of whom we should not have been 
the thousandth part of a Wax-worm. He might also have made others, in 
respect of whom those might also have been little. What should we then 
have been in respect of the greatest? perhaps they would have look’d for 
us with Microscopes, and should not have found us. Our littleness should 
have been incomprehensible to them; and if some Philosophers amongst 
them would have assur’d them of our Existence, they would, without doubt, 
have look’d upon their Discourses as fine Fictions. Let us put ourselves in 
the place of those Men; let’s consider how much we should be in the wrong, 
not to comprehend that there should be Men so little in respect of what we 
should be; and let us consider that no littleness, how unconceivable soever, 
ought to occasion the least scruple in us; and if there be no other difficulty 
in the System which we have just now propos’d, nothing ought to hinder 
our embracing it.19 


Thus at the very beginning of the eighteenth century 
was the stage set for the great controversy that was to 
last throughout the greater part of it. The Ovists 
claimed that the female was the essential sex in genera- 
tion; the Animaleulists were no less confident that it was 
the male; while over against the natural reconciliation 
between these two seemingly antagonistic views stood the 
general acceptance of the theory of ‘‘emboitement.”’ 

Yet the existence of neither ova nor spermatozoa was 
any longer in dispute. The Animalculists had to con- 


19 Op. cit., p. 191. One ean not help wondering whether Lilliput and 
Brobdingnag may not have owed their conception to this passage, which 
itself is possibly an echo of Malebranche. 
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sider the former, just as the Ovists had to take account 
of the latter. It must stand to the credit of the workers 
of the latter part of the seventeenth century that the 
issue had thus far been narrowed down. 

In support of their position the Animalculists pointed 
out that the spermatozoa were to be found in the testicles 
and efferent ducts of all male creatures of reproductive 
age, while at the same time they were absent from the 
female reproductive organs. They were not present in 
children nor in the very old, nor were they to be found in 
men who were impotent through disease or excessive in- 
continency. Further, they were to be found alive in the 
female ducts for several days after copulation. The ova 
were regarded as essential to reproduction in so far as 
they provided a necessary shelter or ‘‘nidus’’ for the 
spermatozoon in which the fragile little creature might 
safely undergo the critical early stages of its growth. 
Some even went so far as to suggest that the ovum was 
provided with a little lid which was pulled down by the 
fortunate sperm that first met with and entered it, thus 
debarring access to any possible competitor. It is of 
interest to recall that the embryologist of to-day consid- 
ers that the penetration of the ovum by a single sperm 
under normal conditions renders its covering membrane 
impenetrable to other sperms. If the little sperm did not 
succeed in shutting down the lid quickly enough another 
sperm might enter, and the inevitable struggle between 
them might lead to the formation of a double monster. 
For the modern embryologist polyspermy is also a recog- 
nized source of monsters. 

While the Animaleculists admitted the ovum to a subor- 
dinate place in their scheme of generation, the Ovists, 
with the ‘‘emboitement’’ theory hanging over them, were 
forced to deny to the spermatozoon any generative fune- 
tion at all. For to have done so would have been, essen- 
tially, to concede the position for which the Animalculists 
were striving. The more rigorous of them therefore 
advanced the view that the spermatozoa were merely 
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parasitic worms, and just as the larger parasitic worms 
were normally to be found only in this or that organ, so 
the spermatic worms were capable of existence only in 
the nutrient medium provided by the testis. 

It is remarkable how little use was made of the obvious 
faets of heredity by the adherents of the rival views, and 
it is probable that this was because both sides were too 
much obsessed by the ‘‘emboitement”’ theory even to con- 
sider the possibility of any bisexual scheme of genera- 
tion. The matter is, however, occasionally referred to in 
connection with the difficulty of the offspring resembling 
the parent which was supposed not to have made any 
material contribution to it. By the Ovists such resem- 
blances as were shown to the father were generally put 
down to the force of maternal impression, while the 
Animaleulists, when they considered the matter, com- 
monly supposed that any resemblance shown to the 
mother was due to this parent nourishing the foetus dur- 
ing its early stages. But such references as are made to 
the matter are usually perfunctory, and nowhere at this 
time do we find any serious attempt to gather together 
the facts of heredity and to make use of them as a cri- 
terion of the validity of either theory. 

Though most Ovists accepted the idea of the parasiti- 
eal nature of the spermatozoa, there were others who 
were not content with this doctrine and sought for some 
more satisfactory explanation of these universal little 
bodies. Among these was the ingenious Turberville 
Needham, whose views are of peculiar interest in connec- 
tion with his subsequent friendship with Buffon. As a 
young man Needham spent some time in Lisbon, where, 
among other things, he investigated the anatomy of the 
common squid or ‘‘Calamary.’’”® A remarkable feature 
of the Cephalopod Mollusca is that the spermatozoa 
become enclosed in small packets, or spermatophores, of 


20**An Account of Some New Microscopical Discoveries,’’ ete., London, 
1745. A French edition of this work was apparently published in the pre- 
eeding year. 
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a complicated structure, and fertilization is effected by 
the male introducing these spermatophores into the 
mantle cavity of the female. When the eggs are laid the 
spermatophores shoot out the sperms by means of a pecu- 
liar spiral spring contained in them. Needham found 
these spermatophores in the male squids and gives an 
excellent illustrated account of them. He did not, how- 
ever, realize either that they were packed with sperms or 
the part played by the male. Struck by the complexity 
of their form he regarded them as small machines of un- 
known function. One of Needham’s principles was that 
the plans upon which creatures are built are limited in 
number, and that things of tangible size will be found on 
careful inquiry to have their counterparts in the micro- 
scopic world. So the visible barnacle is aped by the tiny 
rotifer Melicerta, and the bivalve Molluse by the minute 
Ostracod. On this principle he saw in the spermatozoa 
the minute counterparts of the spermatophores which he 
had discovered in the Calamary: and just as the latter 
are demonstrably machines so also by inference are the 
former, though what their use may be he does not pre- 
tend to suggest. His argument is concerned with indi- 
cating that they are not living bodies in the sense in 
which the Animalculists would have them to be. 

A sharper blow was struck at the Preformationists, 
whether Ovists or Animaleculists, by the appearance in 
1744 of a little anonymous book, entitled ‘* Dissertation 
physique a l’oceasion du Negre blane.’’ The author was 
soon known to be the celebrated Maupertius, and the book 
under its later and better known title of ‘*Vénus 
Physique’’ was widely read. For though in many re- 
spects superficial it was brief, clear and to the point. 
Like Highmore, of whom he had doubtless never heard, 
Maupertius stresses the argument from heredity. That 
the offspring resembled both parents was for him a proof 
that the two parents participated equally in its forma- 
tion—that the Ovists and the Animalculists were equally 
in the wrong. So he returns to the old idea that the 
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foetus is formed from the mixture of the two seminal 
fluids, though into the vexed question as to what this fluid 
could be in the case of the female he does not enter. His 
further contribution is pure speculation. Probably 
through the influence of Newton the force of ‘‘ Attrac- 
tion’’ was in fashion as an explanation of physical prob- 
lems; and Maupertius was a physicist. So he tries to 
bring it in as an explanation of the way in which the 
foetus is formed. The seminal fluids contain organized 
particles corresponding to the various organs. When 
the two fluids are brought together the like particles 
attract one another and crystallize out, as it were, in the 
form of a foetus, much in the same way as a tree-like 
structure will crystallize out when certain chemicals are 
mixed together. It is all rather vague, but stiil suf- 
ficiently definite to make Delage*? rank Maupertius with 
Buffon as the first of the modern Moleculists. Mauper- 
tius dismisses the ova in an easy manner, for he doubt- 
less never saw one. But he had been shown spermatozoa 
and felt that he must work them into his system. So he 
hit upon the idea that by their constant motion they 
served to bring together more rapidly such particles in 
the seminal fluids as had affinity for one another. And 
he comforts himself with the reflection that in certain 
islands the inhabitants rear with great care a little fly 
which works at the reproduction of their figs.” 

Maupertius struck his blow at Ovists and Animaleu- 
lists alike, and a greater naturalist was soon to make his 
voice heard. A few years after the ‘‘Vénus Physique”’ 
had focussed the attention of the learned upon these mat- 
ters Buffon published the volume of the ‘‘ Histoire Nat- 
urelle,’? which deals with the generation of animals. 
After giving a clear account of the two rival theories he 
states his objections to them both. Like Maupertius he 

21 ‘“T,’Hérédité, ete.,’* Second Edition, Paris, 1903, p. 866. As we have 
already seen (p. 485) the credit for this should more properly he given to 
Highmore, or perhaps even to Digby. 

22‘*Vénus Physique,’* Cap. xviii. 
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makes use of the argument that neither of them takes 
account of the patent facts of heredity nor offers an 
acceptable explanation of the resemblance of the off- 
spring to both parents. He pours ridicule on the ‘‘em- 
boitement”’ theory ; for it means that matter is infinitely 
divisible, and to this proposition he refuses to commit 
himself. To both the Ovists and the Animalculists he 
opposes other objections which to the later critic at times 
appear strained. 

But of course the real source of Buffon’s antagonism 
to the doctrine of Preformation was. his philosophical 
outlook. The first evolutionist in the modern sense of 
the word, he viewed life as a connected whole, and this 
necessarily led to a clash with the Preformationists, or 
Evolutionists in the older sense. For them every form 
of life, or at any rate all except the very lowest, had a 
separate and distinct history from the very day of crea- 
tion. They had nothing in common save that they all 
owed their existence to the same Creator. Such a view 
shut off every possibility of transition from one form of 
life to another, and Buffon would have none of it. Asa 
philosopher, however, he must have his system, and no 
system of natural philosophy could be, considered com- 
plete that did not account for the generation of living 
things. Since the continuity of living matter was at the 
back of Buffon’s system it is natural to find him postu- 
lating as the basis of life organized particles, non- 
specific, minute and indestructible. Of such particles are 
all living things constructed. With the death and disso- 
lution of the body they separate and become free to enter 
into the composition of another creature, whether plant 
or animal. 

Buffon further assumes that there is a natural ten- 
dency on the part of the free molecules to come together 
and form higher associations—that a tendency to organ- 
ized life is inherent in nature. But though he regards 
spontaneous generation as possible, suggesting that his 
molecules might under favorable circumstances come to- 
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gether to give some lowly organized forms of life, he 
considers that a higher form can only arise from mole- 
ecules which have come directly from the body of an 
adult member of that particular higher form. Though 
all molecules are fundamentally alike they nevertheless, 
in passing through the body, acquire a temporary speci- 
ficity in virtue of which they tend to build themselves up 
on the plan of the body from which they are immediately 
derived. Buffon attributes this to the action of an inter- 
nal moulding force (la moule intérieure), though no- 
where does he attempt any explanation of the way in 
which this action may be imagined to be brought about. 
He rejects, and with some reason, the ready-made organ- 
ization of the Preformationists, but he has nothing satis- 
factory to put in its place. 

According to his theory then a young individual grows 
by assimilating the organic particles it takes in with its 
food, and as the particles are built up into the tissues of 
the various organs they are influenced by the ‘‘moule in- 
térieure’’ of the organ into whose growth process they 
enter. Those which are built up into the liver, for exam- 
ple, are influenced by the ‘‘moule intérieure’’ of the liver 
to become for the nonce liver particles, and so on. When 
the animal reaches the size limit of its species the organs 
receive particles in excess of their requirements, and 
such excess tends to become stored in the reproductive 
glands which in this way receive from each organ par- 
ticles with the impress of the ‘‘moule intérieure’’ of the 
organ from which they are derived. In this way the sem- 
inal fluid of each sex comes to contain representative 
particles of all the various organs. But though the sem- 
inal fluid contains all that is necessary for the formation 
of a new individual, and though the particles, influenced 
by their respective ‘*moules intérieures,’’ have a natural 
tendency to arrange themselves in the order proper to 
such a formation, a single seminal fluid can not of itself 
form a new individual because the motion of the particles 
is too great. When, however, the seminal fluids are 
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mixed their motions counteract one another, and the mix- 
ture attains a state of repose sufficient to allow of the 
particles arranging themselves in their natural way.” 
Hence the foetus. 

In such a system it is clear that there can be no room 
for things so specialized as either ova or spermatozoa, 
and Butfon deals drastically with each. In oviparous 
creatures the existence of the egg can not be denied, and 
he puts forward the. ingenious suggestion that it is a 
mechanical device to insure that state of repose neces- 
sary for the formation of the foetus when the two sem- 
inal fluids meet. In viviparous animals the egg is not 
necessary because such a harbor of repose is provided by 
the specialized uterus, and in such creatures Buffon de- 
nies the existence of ova altogether. He makes capital 
of the fact that although such convineed Ovists as Vallis- 
nieri and Verheyn had searched diligently for the ova of 
mammals they had in the end to confess that they had 
not been able to find them. According to Buffon the sem- 
inal fluid produced by the female is the fluid found in the 
so-called Graafian follicles. This fluid, like the sperm of 
the male, he states to abound in small particles in rapid 
motion, and he even goes so far as to figure them in the 
fluid taken from a mature Graafian follicle of a bitch 
(cf. Figs. 5 and 6).”* 

To the spermatozoa Buffon is at great pains to deny 
their tails, laying stress on the fact that Leeuwenhoek 
himself had stated that these appendages are sometimes 
absent. For him they are merely small organic bodies in 


23 Buffon does not appear to have considered the case of an admixture of 
two seminal fluids produced by individuals of the same sex. 

24 Buffon set great store by this observation, which is also recorded in the 
‘*Memoires de 1’Academie Royale des Sciences’’ for 1748 (published in 
1752). In all probability the vignette at the head of Chap. I of the His- 
toire Naturelle, tom. IV (reproduced here as Fig. 7) is commemorative of 
the occasion, as it agrees very well with the account given in the text (p. 
203). The surgeon is standing over the poor bitch ‘‘encore vivante,’’ 
Daubenton is examining the ‘‘seminal fluid’’ through the microscope, while 
Buffon, fresh from his discovery, is chatting complacently with the Abbé 
Turberville Needham. 
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Fie. 5. Buffon’s figure of ‘‘molecules’’ from the testis of a dog. 


Fic. 6. Buffon’s figure of ‘‘molecules’’ from the Graafian follicle of 
a bitch. 


rapid motion, and their so-called tails are due to the 
drawn-out films of the mucilage in which they move. 
Whether they represent his ultimate organized particles 
he leaves an open question, stating that if they are not 
actually such they are at any rate ‘‘la premiere reunion 
ou le premier assemblage de ces molécules.’”? That they 
are living creatures, as the Animalculists would have 
them, he definitely denies. 


Fig. 7. For explanation see note on p. 501. 


25 “Histoire Naturelle,’’ tom. IV, p. 169. 


= 
- 
= 


No. 683 | OVISTS AND ANIMALCULISTS 503 


Buffon’s style rapidly gained him the ear of the pub- 
lic. The volumes of the ‘‘ Histoire Naturelle,’’ large and 
costly though they were, rapidly passed through several 
editions; and he never had reason to complain of neglect 
on the part of his contemporaries. Nevertheless, he 
gained but few adherents beyond his own immediate cir- 
cle. It was against him that among scientific men such 
as Linnaeus and Réaumur his reputation as a scientist 
did not stand very high, that his work was strongly criti- 
eized by Albrecht von Haller, the foremost physiologist 
of the time, and that the acute wit of Voltaire searched 
out the weakest spot in his theory and poked fun at his 
‘‘moules intérieures.’”® Moreover, he managed to fall 
foul of the Sorbonne, which forced him to recant certain 
of his views and thereafter viewed him with suspicion. 
Still we eatch echoes of his speculations among later 
writers such as in the little work of Procope Couteau, 
issued at Monpellier in 1754.” 

Meanwhile the ranks of the Predeterminationists were 
reinforced by the learned Haller, the voluminous and 
pious Bonnet, and the ingenious Abbé Spallanzani, all of 
whom adduced fresh observations in support of the Ovis- 
tie doctrine. MHaller’s contribution arose out of his 
studies on the embryology of the fowl. He pointed out 
that, as the chick developed, the yolk eventually came to 
lie entirely within its body. [ven in comparatively early 
stages it could be made out that the yolk membrane, 
which had become vascular, was continuous with the 
chick’s body wall. Hence the chick must have been a part 
of the egg from the beginning, and not merely something 
brought in from the outside and implanted, as it were, 
upon the egg. At that period Haller’s name carried 
much weight, and his adherence must have greatly 
strengthened the position of the Ovists. 

Bonnet’s contribution was of a higher order. By eare- 
fully controlled breeding experiments he showed that 

26 Dialogues d’Evhémére,’’ 1777, 9e Dialogue, ‘‘Sur la Génération. ’’ 

27 de faire des Garcons. ’’ 
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aphids could reproduce themselves over a sequence of 
generations without the intervention of the male. It was 
a striking piece of work, and the picture of a succession 
of generations, each proceeding directly from the antece- 
dent one, not only afforded strong support to the Ovists, 
but was at the same time a phenomenon which presented 
great difficulties to the opponents of the ‘‘emboitement”’ 
theory. 

Spallanzani’s notable contribution lay in his careful 
work on the generation of Amphibia. His point was that 
the egg laid by the female is the tadpole. Provided that 
fertilization occurs, and this takes place after the egg is 
laid, the one passes insensibly into the other, there being 
nothing left over. Hence the tadpole must have been 
preexistent as the egg. The intelligentsia of the Church 
acclaimed both authors, and the star of the Preforma- 
tionists seemed once more in the ascendant. But though 
they knew it not, a fresh impetus had already been given 
to the study of embryology which was destined to over- 
throw them. In 1759 appeared the ‘‘Theoria Genera- 
tionis’’ of Caspar Friedrich Wolff, then a voung man of 
twenty-six. From an examination of the successive em- 
bryonic stages in plants and animals, as critical as the 
means of the time would allow, he took up an epigenetic 
position, declaring positively against the Determination- 
ists. <A difficult book to read it exercised little influence 
until the German school of Naturphilosophie under 
Goethe’s inspiration attracted attention to it once more. 
Then it became the forerunner of the great embryologi- 
cal work of Karl Ernst von Baer, discoverer of the mam- 
malian ovum, wherein were settled once for all the eruder 
claims of the earlier Predeterminationists. Thencefor- 
ward the question took on more subtle forms. 

Meanwhile we have lost sight of the Animalculists. 
After the first clash with the Ovists at the end of the sev- 
enteenth and beginning of the eighteenth centuries they 
cease to be very prominent. .Little fresh was added in 
the way of observation, nor does any great figure stand 
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out to champion their views. Indeed, such support as 
they now obtained came principally from amateurs such 
as Ledermiiller®* and von Gleichen.” But although the 
Ovists, with the weight of Harvey’s dictum behind them, 
may on the whole be said to have predominated over the 
greater part of the eighteenth century, there is evidence 
from the writings of medical men that many of them 
accepted the Animalculist position.*° One of the things 
that had told against the Animaleulists was the terrible 
squandering of potential human souls necessitated by 
their views. That for one homunculus which achieved its 
full humanity thousands of millions must perish was a 
thought that shocked most serious men. It was hard to 
reconcile with a good and omnipotent Creator. In vain 
did Leeuwenhoek point to the analogy of the vast num- 
bers of acorns on a great oak of which but very few 
would ever develop into trees. After all, an oak is an 
oak, but a human being is a human being. Besides, the 
superfluous acorns were of service to the world in pro- 
viding food for some other creature, whereas the super- 
fluous sperms must be accounted utter waste. Beyond 
the trite saying that it is not for us to question the will 
of the Almighty I can not find any real attempt to get 
over the difficulty until the latter half of the eighteenth 
century, when the race of Animaleulists was already on 
the wane; but that attempt is so ingenious that it is 
worthy of mention. It is to be found in a little book, en- 
titled ‘‘The New Theory of Generation, according to the 
best and latest discoveries in Anatomy, farther improved 
and fully displayed,’’ published in London in 1762. In 
it the author, a Dr. James Cooke, a confessed Animaleu- 
list, puts forward a view which may be given in his own 
words: 


28 Versuch zu einer griindlichen Vertheidigung derer Saamenthiergen,’’ 
u. s. w., Niirnberg, 1758. 

29 His ‘‘ Dissertation sur la Génération’’ 
the German edition of 1778. 

30 Readers of ‘‘ Tristram Shandy’’ will recall that the ‘‘homunculus’’ was 
canvassed outside the ranks of the profession. 


was translated into French from 
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‘¢ |. . all those other attending Animalcula, except that single one that 
is then conceived, evaporate away, and return back into the Atmosphere 
again, whence it is very likely they immediately proceeded; into the open 
Air, I say, the common Receptacle of all such disengaged minute sublunary 
bodies; and do there circulate about with other Semina, where, perhaps they 
do not absolutely die, but live a latent life, in an insensible or dormant 
state, like Swallows in Winter, lying quite still like a stopped Watch when 
let down, till (they) are received afresh into some other Male Body of the 
proper Kind ... to be afresh set on Motion, and ejected again in Coition 
as before, to run a fresh chance for a lucky Conception: For it is very hard 
to conceive that Nature is so idly luxurious of Seeds thus only to destroy 
them, and to make Myriads of them subservient to but a single one. (Op. 
cit., p. 85.) 


Cooke’s conception of the ‘‘World of the Unborn’’ 
came too late to save the Animaleulists. Probably what 
undermined their position as much as anything was the 
discovery of the wide-spread occurrence of minute living 
bodies in rapid motion. One must remember that the 
resolving power of the eighteenth century microscope 
was not great, and that the smaller flagellates, the larger 
vibrios, and spermatozoa must have all looked somewhat 
alike. Buffon and his fellow observers regarded the lit- 
tle bodies in motion which they found on the teeth, in 
putrescent fluids and in seminal fluids, as one and the 
same thing; and indeed Buffon argued that the existence 
of such bodies in decayed food on the teeth and in the 
excreta strongly supported his thesis of organic mole- 
cules. The recognition of their wide-spread occurrence 
must have served to weaken the position of the Animal- 
culists, depending as it did upon a specialized view of the 
nature and attributes of spermatozoa. It was only after 
great improvements in the microscope, and then through 
long and laborious researches, that a classification of 
these minute forms of life became possible and their 
varied nature realized. 

Meanwhile, the cause of the Animalculists received a 
further blow from Spallanzani, himself the inventor of 
artificial insemination. In the course of his experiments 
he had convinced himself of two things, viz. (1) that 
actual contact with the spermatic fluid was necessary for 
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the development of the egg, and (2) that the spermatic 
fluid lost its stimulating property when filtered through 
very fine strainers. But though so near to it he failed to 
draw the natural deduction that both ovum and sperma- 
tozoon are necessary to the formation of a new individ- 
ual. A convineed Ovist, he was, like nearly all the nat- 
uralists of his time, still obsessed by the ‘‘emboitement”’ 
theory, and it was this that stood in the way of his 
achieving what would have been one of the most notable 
triumphs of any age. Indeed, he states that spermatozoa 
were not always to be found in the sperm of his frogs, 
even when the fluid was fertile; and in another place he 
recounts how he freed the sperm of animaleules by par- 
tial drying and yet found it to retain the power of fer- 
tilization. It is charitable to suppose that he was not 
well served by his microscope. However this may be, 
there is no doubt that the deliberate opinion of one who 
was recognized as among the foremost investigators of 
his time had much to do with the disappearance of the 
Animaleulists. 

For the time the controversy was ended. It had lasted 
just a century, and it is not uninteresting to reflect that 
the general attitude of science towards the problem of 
generation was in 1775 much what it had been in 1675. 
When the period opened almost all students of biology 
and medicine were Predeterminationists and Ovists; at 
its close they were for the most part Ovists and Prede- 
terminationists. 
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BY PROFESSOR J. ARTHUR HARRIS AND DONALD C. BOUGHTON 
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I. Lyrropuction 

Any investigations which will throw light on the prob- 
lem of duration of life, and especially of the relationship 
between the morphological characteristics or functional 
activities of the organism and duration of life, are of 
broad biological interest. In this field they have not only 
their bearing on the problems of morphology and normal 
and pathological physiology, but on the combinations of 
these fields of research as they merge in the great prob- 
lem of natural selection (2) (3). In certain cases, such 
as those which involve the productive capacity of domes- 
tic animals, they may be of large economic importance. 

Such problems are, however, highly complex. They 
require for their solution the application of various bio- 
metric methods to large series of observational data. 
The primary purpose of the present paper is to indicate 
and illustrate the value of a method of attack which has, 
so far as we are aware, not been used heretofore in work 
on such problems. While the data which are available 
for the purposes of the present study are not so exten- 
sive or detailed as we would desire, it is unlikely that 
better data will be secured until their value is demon- 
strated by the statistical analysis of those which are 
available. It is our hope that one of the results of the 
publication of these studies will be the accumulation of 
more extensive and exact series of records by those who 

508 


No. 683] DURATION OF LIFE OF BIRDS 209 


have the opportunity of making such observations on a 
large seale. 

In an earlier paper the differentiation of White Leg- 
horn fowls which died at some time during the first lay- 
ing year from those which survived throughout the first 
laying vear was tested by a graphical comparison of the 
means, standard deviations and coefficients of variation 
of the monthly egg production of the two classes (4). In 
a subsequent paper the same problem was investigated 
on the basis of records of egg production in the White 
Wyandotte and in the Rhode Island Red fowl (5) by con- 
sidering the differences in means, standard deviations 
and coefficients of variation in relation to their probable 
errors. Finally, it has been shown (6) that the standard 
breeds of fowl may differ in their death rates. 

The results of the two investigations first cited indicate 
clearly the differentiation of the two classes of birds with 
respect to mean egg production and to variability (both 
absolute and relative) of egg production in a number of 
months of the year. A full interpretation of the results 
is rendered difficult by the fact that both mean production 
and variability of production are different in the two 
classes of birds, and by the fact that the form of the fre- 
quency distribution of number of eggs laid differs greatly 
from month to month. Under these conditions it is not 
at all certain that the means, standard deviations and 
coefficients of variation furnish a sufficient basis of com- 
parison. A more direct comparison of the frequency 
distributions themselves therefore seems desirable. 

Such a comparison may be readily made in most cases 
in which the number of data is reasonably large by 
means of Pearson’s criterion that two independent fre- 
quency distributions really represent samples of the same 
population (7). 

Let Ns, ... be the number of birds laying 
any given number of eggs, 0, 1, 2, 3,..., in any month and 
surviving throughout the entire period of observation. 
Similarly let na,, ma,, . .. be the number of birds 
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laying any number of eggs, 0, 1, 2, 3, ..., in the same 
month but dying before the end of the period under con- 
sideration (here limited to the first laying year). The 
total number of birds surviving is S(n,) =WN,, while the 
total number of birds dying in some subsequent month is 
= Nz. 

Since NV, and N, will be very different values in any 
series of birds having normal mortality, it is necessary 
for purposes of comparison to reduce all the frequencies 
to a relative basis: ps, = Ms,/Ns, ps, = Ns,/Nea, Ps, = Ns,/Na, 
ete. Similarly pa, = na,/Na pa, = Na,/Na, pa, = a,/Na, ete. 

The frequencies of birds which laid any given number 
of eggs and subsequently died may thus be compared 
with the frequencies of birds which laid the same number 
of eggs and survived throughout the period under con- 
sideration by means of these relative frequencies. The 
differences are: pay — Paoy Par — Ps1y Pas — Pao, ete., the con- 
tribution of each of the c classes to x? will be 


N Na (Pq 


st+d (i) 
Now Pearson has shown that under such conditions 
INN 2 2 


and further that x? may be translated into terms of P, 
the probability of deviations as large as or larger than 
those observed having arisen through random sampling, 
by means of Elderton’s table (1). 

In an application of this formula certain peculiarities 
of our present data must be noted. 

The number of classes, c, of birds is large—theoreti- 
cally 32 (0-31) in the longer months. 

In our calculations we have assumed that our frequency 
distributions begin in all cases at 0 and end with the 
highest number of eggs laid in the given month by either 
of the two classes of birds. 

Even with very large series of observations, the num- 
ber of classes is larger relative to the total number of 


No. 683] DURATION OF LIFE OF BIRDS dll 


birds which subsequently died than is desirable for ob- 
taining smooth distributions with any type of frequency 
distributions. Furthermore, the frequency distributions 
of number of eggs laid is extremely skew in a number of 
the months, with very large proportions of the frequen- 
cies concentrated into one or a very few classes. The 
number of eggs laid is a discontinuous variable, and in 
consequence many of the classes may not be represented 
by frequencies at all in the case of the birds which died. 

This presents no difficulty from the standpoint of the 
calculation of the values of x’, since in the case of un- 
paired classes (i) reduces by algebraic transformation to 


Nan,* 
/Ns (iii) 


for any class, while the contribution of all such classes 
to x’? is 
Na 
W, S(ts) (iv) 
where S denotes summation for classes with 0 frequency 
of birds which died. Obviously, if the class of 0 fre- 
quency occurs in the group of birds which survived, 1, 


replaces n, in (iii) and (iv), and we write 


Ns 
Wa 8 (na) (v) 


The contribution made by such unpaired classes to x’ 
will be discussed below. 

Another limitation must be noted. Formula (ii) does 
not provide for the case in which some class or classes 
lying between the limits indicated above may lack sig- 
nificant frequencies in both groups of birds. In the 
present data there are 5 cases out of 973 possible com- 
parisons in which a given egg production class is repre- 
sented by a frequency of 0 in both series of birds. 

If such cases were included x? would have an indetermi- 
nate value. The obvious course of procedure is to ignore 
such classes, just as those which extend beyond the range 
of actually observed egg production are disregarded, 
both in the determination of x? and in the fixing of the 
number of classes. 
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For the convenience of those who may be unfamiliar 
with the arithmetical procedure, the routine may be illus- 
trated by the May egg production of White Leghorn birds 
which survived and which died. Table 1 gives the arith- 
metical work for the first six frequency classes only, as 
derived from tables 2 and 3. 


If. Data ANALYZED 


The data may be drawn in part from earlier papers. 
They comprise records as follows: 


Number of Birds Number of Birds 
which survived which died 
Rhode Island Red 1,563 221 
White Wyandotte .................. 781 186 
White Leghorn ........................ 3,897 452* 


* This number was given as 458 in an earlier paper (4), since it there in- 
cluded six birds which died before the end of the first November. These 
are not to be included here. 


These were all drawn from the comprehensive series 
of records of the International Egg-Laying Contest at 
Storrs, Connecticut, for the period 1911-12 to 1921-22. 
For the opportunity of using these data we are under 
obligation to Professor Wm. F. Kirkpatrick and Dr. 
L. C. Dunn. 

The frequency distributions of monthly egg production 
of Rhode Island Red and White Wyandotte birds which 
survived have been given in tables 1 and 2, while the com- 
parable frequency distribution of monthly egg production 
of birds which died have been given in tables 3 and 4 of 
an earlier paper (5). The frequency distributions of 
number of eggs laid during the several months of the year 
of White Leghorn birds which survived throughout the 
year are given in table 2 herewith. The comparable dis- 
tributions of birds which died at some subsequent period 
of the same year appear in table 3 of this paper. 


Ill. Resvwts 


The values of x? for the egg records of birds which sur- 
vived throughout the entire year and for birds which 
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TABLE 2 


FREQUENCY DISTRIBUTION OF MONTHLY EGG PRODUCTION OF WHITE LEGHORNS 
WHICH SURVIVED 


Nov. Dee. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 
0 1614 1479 1111 333 74 63 51 71 106 235 653 1743 
1 242 172 195 109 12 8 11 31 30 72 134 188 
2 135 123 139 103 19 8 15 18 57 4x80 122 
3 156 126 167 111 16 9 9 17 24 49 69 101 
4 145 127 156 123 13 10 6 16 33 39 46 114 
5 121 140 179 166 24 10 17 #=%6 33 = 41 65 108 
6 1380 135 159 184 35 13 12 33 36 33 66 121 
7 +1386 131 4149 164 32 15 14 383 47 58 76 107 
8 121 131 141 183 47 19 21 31 #61 46 £«84 112 
9 109 104 142 183 58 21 19 45 70 67 71 101 
10 117 #%127 #%142 #4171 #81 38 42 6 66 82 101 
12 124 98 115 177 101 48 41 71 70 69 83 80 
13° #112 4106 #%4112 #4177 «92 49 63 79 
14 95 98 113 228 174 109 74 78 = 87 75 #107 99 
15 107 85 104 30 182 116 80 101 81 79 «146 79 
16 95 102 101 217 219 164 87 77 107 #%«4117 #+165 92 
17 57 99 106 232 245 222 112 110 4119 155 217 109 
18 55 102 106 245 308 274 138 163 165 181 239 97 
19 46 98 99 170 357 367 189 189 186 229 291 84 
20 34. 38738) 414 227) 271) 817 78 
21 25 42 64 60 419 484 343 353 339 394 293 3 
22 7 33 53 25 362 466 414 468 402 433 203 24 
23 3 23 28 4 276 414 492 492 4389 394 110 12 
24 2 5 7 1 155 244 448 455 373 270 60 4 
25 a 4 eee 66 1388 405 302 293 181 33 2 
26 28 49 290 151 164 81 6 
5 19 151 92 80 28 

3897 3897 3897 3897 3897 3897 3897 3897 8897 3897 3897 3897 


died at some time antecedent to the close of the first year 
as conventionally defined appear in table 4. This gives 
results for the months of November to September, in- 
clusive, since birds dying in October have no completed 
The values of 
P, the probability that deviations as large as or larger 


month of production beyond September. 
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TABLE 3 


FREQUENCY DISTRIBUTION OF MONTHLY EGG PRODUCTION OF WHITE LEGHORNS 


WHICH DIED 


Mar. Apr. May June July Aug. Sept. 


Nov. Dee. Jan. Feb. 
0 171 172 # 118 43 12 10 16 28 24 24 9 
1 35 7 32 18 9 7 6 5 9 3 2 
2 20 2 12 9 6 3 2 6 3 4 1 
3 18 20 12 17 oe 3 4 2 2 : ae 
4 18 20 14 22 4 rer 2 7 jae 
5 31 11 20 14 3 6 8 1 3 1 1 
6 10 9 14 20 7 6 7 3 1 1 1 
7 18 14 17 14 10 4 4 2 , See 
8 18 14 11 23 6 4 2 ee ae a” 
9 13 13 19 5 6 4 2 5 2 So eee 
10 13 13 9 16 14 2 2 5 5 Be we 
11 19 9 12 13 11 12 7 epee Foe 
12 15 9 14 9 6 3 5 1 
13 6 10 12 18 10 (3 2 3 4 1 1 
14 10 9 10 12 15 17 8 4 1 
15 6 10 9 19 14 14 6 1 ree 1 
16 7 7 12 10 22 17 3 4 7 re 
ng 8 8 7 20 21 14 6 2 , 1 
18 6 a 8 9 25 20 11 a 4 1 
19 1 11 10 16 19 15 14 6 2 3 1 
20 4 7 10 16 26 26 14 9 7 2 1 
21 3 9 5 4 23 16 20 9 4 Be cas 
22 2 1 4 2 20 10 16 14 6 5 i 
ee 2 2 3 14 17 17 13 6 beer 
24 1 | 9 11 13 8 
I 2 6 4 

452 423 389 367 323 261 218 169 114 62 21 


than those actually found might have arisen from random 
sampling, have been taken from Elderton’s table (1). 
When the values of P are not given in terms of significant 
figures, it is understood that the probability is less than 
that indicated by P=0.000000. In such eases it is idle 
to devote the labor necessary in determining the exact 


values of P. 


The values of P in this table show clearly that the two 
classes of birds are significantly differentiated with re- 
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TABLE 4 
NUMBER OF BinDS WHICH DIED, Na; NUMBER OF CLASSES OF EGG PRopUC- 
TION, C, AND VALUES OF y? AND P FoR THREE BREEDS 
or DoMEsTIC FowL 


Month of Rhode Island Red 
production Na Mi C P 
Wovember 221 54.227 28 .002739 
December 214 22.878 32 .867750* 
January .... 206 33.544 30 .297028 
February . a 197 57.005 26 -000711 
182 82.333 3 .000000 
132 136.763 32 .000000 
104 240.759 30 -000000 
73 164.752 31 .000000 
45 77.633 31 -000000* 
September ...........0.....+ 24 73.908 29 .000001* 
White Wyandotte 
DRY: 186 17.894 23 .712070 
183 17.251 30 -957686 
176 41.359 30 073757 
165 30.848 27 .248226 
147 65.983 31 .000357* 
101 75.374 31 -000000 
August 22 123.378 30 .000000 
September... 9 61.244 28 .000233 


White Leghorn 


452 39.883 26 .031447 
423 24.728 27 534476 
¢, 389 18.218 26 832521 
Pebriaty 367 55.576 25 000662 
323 106.753 29 -000000 
261 205.855 30 .000000 
218 232.378 32 -000000 
169 227.835 31 .000000 
July ... re 114 262.049 32 .000000 
August ...... 62 136.550 31 000000 
September 21 23.451 29 -709811 


* These values, obtained by extrapolation, may not be numerically exact 
but are sufficiently approximate for all practical purposes. 


No. 683] DURATION OF LIFE OF BIRDS O17 


spect to the two frequency distributions of their monthly 
egg productions as a whole. In about half of the series 
P < .000000, or the chances of the differences between the 
two series having arisen through random sampling are 
less than one in a million. 

The results may be more readily followed if repre- 
sented graphically. The values of x’ are shown by the 
position of the circles connected by solid lines on the scale 
of ordinates of the three upper figures of diagram 1. 
For convenience of comparison the percentage death 
rates (circles and broken lines) and the mean monthly 
productions (solid dots and solid lines) are shown in the 
three central and the three lower panels of the same 
diagram. 

The reader will note that three different scales have of 
necessity been used in this diagram. The scale for the 
upper three figures is in terms of x°. The scale for the 
three central figures is in terms of percentage death rate 
per month. The scale for the three lower figures is in 
terms of average numbers of eggs laid per month by 
birds which survived throughout the year. 

Considering first the values of x’, we note that in all 
three breeds the differentiations of the frequency distri- 
butions for the two classes of birds tends to increase 
rapidly from the beginning of the laying year to about 
June, July or August, after which there is a material drop 
in the values of x’. The results are especially marked in 
the case of the Rhode Island Red and White Leghorn 
breeds. 

Comparing these values with the mean productions of 
the given months as shown by the lowermost figures in 
diagram 1, we note that the distribution of the two sets 
of values is roughly parallel, but that the values of mean 
production reach their maximum earlier in the year than 
do the values of x’. 

Thus it is clear that the great differences between the 
frequency distributions for birds which survived and for 
birds which died are found in the months of heaviest pro- 
duction. The maximum differentiation is observed at a 
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period slightly subsequent to the period of maximum 
production. This suggests that the differentiation may 
be most apparent in these months because (a) the strain 
of heavy egg production is too great for the weaker birds, 
’ which subsequently die, or because (b) the heavy pro- 
duction itself induces pathological conditions which re- 
move the weaker birds from the ranks of the heavy 
producers. 

In further analysis of the problem we may consider the 
death rates of the birds in the several months of the year. 
These have been discussed in detail elsewhere (6) in rela- 
tion to the problem of the differentiation of the standard 
breeds of fowl. 

The death rates may be expressed in terms of the per- 
centage ratio of the number of birds which died in any 
given month to the total number of birds alive at the be- 
ginning of the said month. Since our tabulations have 
been prepared in terms of N, and N, for the given months, 
we may let m be the number of birds which died in the 
given month and calculate our percentage death rates by 

100m 
~Net+tNatim 
as in an earlier paper (6). 

The results are shown graphically by the position of 
the circles connected by broken lines on the scale of per- 
centage death rates at the left of the central panels of 
diagram 1. 

Again we note a close parallelism, which in this case 
is between the values of x? and the monthly death rates. 
Both sets of values increase from the beginning of the 
laying year to a maximum, after which they again de- 
crease. The differentiation (with respect to number of 
eggs laid per month) of the birds which subsequently died 
from those which survived is, therefore, most clearly 
marked at the period of the year when mortality is 
highest. 

This suggests that at the period of heavy egg produc- 
tion (which, generally speaking, is the period of highest 
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mortality) the strain of heavy production is too great for 
the weaker birds, or in itself induces pathological condi- 
tions which result in the subsequent death of the 
organism. 

Great caution must, however, be observed in accepting 
this conclusion as final without further research. It is 
interesting to note that in the White Wyandotte breed, 
which has been shown to have a far higher death rate 
than the other two breeds (6) the values of x’ are con- 
spicuously lower than in the Rhode Island Red or White 
Leghorn birds. Thus there is (as shown by a comparison 
of the six upper figures of diagram 1) an inverse rela- 
tionship between the values of the death rates and of x° 
for the breeds as a whole. In the White Wyandotte breed 
the death rate is high and the differentiation between the 
two classes of birds as measured in terms of x’ is low. 
In the Rhode Island Red and White Leghorn breeds the 
reverse is true. This suggests that when a breed shows 
an unusually high death rate the differentiation between 
the birds which survive and those which die may be rela- 
tively smaller than when the death rate is low. In short, 
the breeds which show a high death rate as compared with 
other breeds may have a death rate which is largely non- 
differential as far as a specific characteristic or function 
which may be under investigation is concerned. 

We now turn to a consideration of certain other factors 
which may influence the value of the physical constant x’, 
or its interpretation. 

While the values of x? furnish the means of determin- 
ing the values of P, which measure the probability of 
differentiation of the two frequency distributions as a 
whole, it does not follow that the various classes of egg 
records contribute equally to the values of x’. It is quite 
possible that certain groups of birds as classified accord- 
ing to monthly egg production differ more in their rela- 
tive frequencies in the series which died and in the series 
which survived than do other classes. For example, it 
is not at all clear that the two frequency distributions 
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DiaGRaAM 1. COMPARISON OF VALUES OF x”, MEASURING THE DEVIATIONS OF 

THE MONTHLY EGG PRODUCTION OF BIRDS WHICH DIED FROM THAT OF THOSE 
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MONTHLY PERCENTAGE DEATH RATES (CIRCLES AND BROKEN LINES OF CENTRAL 

PANELS) AND WITH MEAN MONTHLY EGG PRODUCTIONS (SOLID DOTS AND SOLID 
LINES OF LOWER PANELS) IN THREE BREEDS OF FOWL 


would differ as much in the number of birds laying a 
large number of eggs as in the number of birds laying 
very small numbers of eggs. 

Determination of the contributions made by the indi- 
vidual classes to the total value of x? shows that this 
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@ priort assumption is justified by the actual numerical 
values of the contribution of the several classes. 

For example, if we turn to the illustrative case given 
above, we note that the contribution of the zero class to 
the total value of x’ is 46.1168, or 19.85 per cent. of the 
whole. The contribution of all the remaining classes is 
186.2612, or 80.15 per cent. 

If the contribution of the class of birds which laid only 
one egg be added to that of the zero class and the two be 
considered together as birds of very low production (0 
and 1 egg) it will be seen that this class contributes 
76.6053 to the total value of x’, or 32.97 per cent. of 
the total. 

In table 5 we have given the percentage contribution 
of the 0 egg class, and of the combined 0 and 1 egg class 
to the total value of x’. These values are represented 
graphically, together with the percentage of the whole 
number of birds which are not laying, or which are laying 
a very small number of eggs, in diagram 2. 

In the upper sections of this diagram, the percentage 
contribution to the values of x? made by birds which are 
not laying is represented by solid dots, while the contri- 
bution made by birds which are laying one egg or less 
(no eggs and 1 egg) is represented by circles. In the 
lower sections of the diagram the percentage of the birds 
laying no eggs or less than two eggs is represented on 
the scale of ordinates by solid dots (for the class of 0 
egg production) and by circles (for the class of 0 and 1 
ege production). 

While these two sets of values are distributed with 
some irregularity, there is a clearly marked inverse 
parallelism between the comparable values in the upper 
and lower sections of the diagram. As the percentage 
of birds which lay 0 eggs or only 1 egg decrease the rela- 
tive contribution of birds of low egg production to the 
total value of x* increases. 

The values of the percentage contribution of low egg 
production classes to the total value of x* increase from 
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TABLE 5 
PERCENTAGE CONTRIBUTION TO y* OF BIRDS WHICH Dip Not Lay AND OF 
BirDS WHICH Law LEss THAN Two Eaes 


Rhode Island Red 


Month Percentage Percentage Percentage Percentage 


of birds contribution of birds contribution 
not to x° of laying less toy? of O+1 
laying 0 egg class than 2 eggs egg class 

November ............... 62.50 3.48 66.87 26.76 
December ............... 43.56 47.16 3.94 
25.16 29.21 29.40 29.23 
9.26 23.57 12.10 27.66 
March: 3. 1.38 6.62 2.29 15.64 
1.75 11.35 2.21 53.69 
2.18 40.41 2.78 50.98 
June .. 4.02 70.65 4.92 82.79 
July ... _ 4.77 56.03 6.11 79.47 
August ...... 7 6.65 63.79 8.33 66.50 
September ... 12.85 43.78 15.50 68.26 


White Wyandotte 


November ............. 50.57 2.31 55.43 7.09 
December ........... 32.26 9.90 36.00 20.39 
17.24 1.30 21.63 4.15 
Pobruary —........... 8.03 2.23 10.36 3.61 
Merch: 1.62 16.20 2.91 20.38 
1.44 33.09 2.77 50.76 
May ... 1.70 34.43 2.83 45.09 
June .. 3.51 43.63 3.98 45.22 
July ... Z 5.26 22.87 6.73 65.20 
Ampast 6.10 70.51 8.09 82.98 
September ........... 7.34 71.26 9.49 71.58 


White Leghorn 


November ............ 41.04 3.24 47.41 6.93 
December .......... 38.22 2.97 42.59 3.51 
SORUBTY 28.67 2.25 33.97 40.31 
February . 8.82 6.88 11.80 15.89 
March ‘ 2.04 4.52 2.54 39.01 
April .... 1.76 3.32 2.12 23.53 
May ...... = 1.63 19.85 2.04 32.97 
June 2 2.43 63.49 3.32 67.25 
6.54 72.96 8.44 75.07 


September ............. 17.34 35.91 20.37 45.41 


q 
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DIAGRAM 2, COMPARISON OF THE PERCENTAGE CONTRIBUTION TO x” OF BIRDS 

LAYING NO EGGS (SOLID DOTS AND SOLID LINES OF UPPER PANELS) AND OF 

BIRDS LAYING 0 AND 1 EGG (CIRCLES AND BROKEN LINES OF UPPER PANELS), 

WITH THE PERCENTAGE OF BIRDS NOT LAYING (SOLID DOTS AND SOLID LINES OF 

LOWER PANELS) AND OF BIRDS LAYING LESS THAN 2 EGGS PER MONTH (CIRCLES 
AND BROKEN LINES OF LOWER PANELS) 


the beginning to near the end of the laying year, where 
they again decrease. The distribution of.the birds lay- 
ing no eggs and less than two eggs per month, as shown 
in the lower sections of the diagrams, is just the reverse. 
The percentage of birds with low production is at first 
high, then drops rapidly to a minimum, and finally 
gradually increases toward the end of the year. 

While the values of the percentage contribution of the 
classes of very low egg production to the total value of 
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x are irregular, the comparison made in this diagram 
shows clearly that the percentage contribution of such 
classes is largest at the very periods when they are rep- 
resented by the fewest individuals. In other words, the 
differentiation of birds which died from those which sur- 
vived with respect to the occurrence of very low egg pro- 
duction in one of the two classes is most conspicuous in 
the periods of the year when the egg production is on the 
average high. This is clearly shown by a comparison of 
the three lower figures of diagrams 1 and 2, which show 
an inverse relationship between mean monthly egg pro- 
duction and the percentage of very low egg production. 

For purposes of further comparison, we consider the 
values of the percentage contribution of the unpaired 
classes shown in table 6 and represented in diagram 3, 
to be discussed later. These show little parallelism with 
the percentage contributions of the 0 and 0-1 egg classes 
to x’, thus showing that the form of distribution of the 
latter values is due to some cause other than the contribu- 
tion of unpaired classes. 

In the earlier months of the laying year the total num- 
bersof birds which survived and which died are sufficiently 
large that practically all the egg classes are represented 
by frequencies for both birds which survived and birds 
which died. In the later months of the year the number of 
birds which subsequently died is so small that in fre- 
quency distributions with the wide range conventionally 
(and desirably) employed in studies of monthly egg pro- 
duction many of the classes are not represented by fre- 
quencies at all. 

The distributions of these classes is of some interest. 
In our present series of 973 possible differences there are 
5 cases in which both classes of birds are represented by 
a frequency of 0. These are, in conformity with our pre- 
ceding statements, left out of account. Of the 968 dif- 
ferences which remain to contribute to the values of x’, 
184 show 0 frequencies in classes of egg record of birds 
which died which are assnciated with classes represented 
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TABLE 6 
PERCENTAGE CONTRIBUTION OF UNPAIRED FREQUENCIES TO x° 


Rhode Island Red 


Month 


Number Unpaired Percentage 
of classes classes contribution 
January 30 4 3.93 
March 3 2 2.83 
April ....... 30 2 1.05 
May ......... 32 2 0.56 
June 30 + 1.77 
July 31 11 11.25 
August 3 12 18.06 
White Wyandotte 
23 1 1.86 
January 30 3 12.98 
March 31 2 0.57 
April 30 6 7.96 
May 31 + 16.09 
June 30 6 12.89 
July 30 15 15.59 
August 30 21 13.22 
White Leghorn 

January 26 1 3.84 
25 1 0.17 
March 29 2 1.32 
April 30 3 0.85 
May 32 3 0.48 
June 31 3 0.7 

July 32 6 2.60 
August 31 11 6.87 


by significant frequencies for birds which survived, 
whereas only 3 show 0 frequencies in egg classes of birds 
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which survived when significant frequencies occur in the 
comparable egg classes of birds which died. Such fre- 
quency classes as are not represented by actual frequen- 
cies in both of the frequency distributions are here desig- 
nated as ‘‘unpaired classes.’’ 

The foregoing facts furnish full justification for the 
assumption that it is merely the unavoidably small values 
of Nz which lie at the root of the difficulty presented by 
the occurrence of unpaired classes. 

The contribution of such classes to the total value of 
x’ may be determined by (iii) and (iv), with some sim- 
plification of arithmetical routine. For example the 4 
ege class of table 1 has 6 birds which survived but no 
birds which laid 4 eggs and subsequently died. Thus the 
contribution of the class to x? is 


N, 
= .055940 x 6 = 3356. 
8 


Thus the arithmetical calculation presents no difficulty. 

It is quite clear that these unpaired classes are making 
an abnormally large contribution to x’ since the occur- 
rence of 0 frequencies is due to the errors of random 
sampling from small series which must fall into integral 
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classes. Had we been able in each case to deal with 
curves fitted to the monthly egg-production distributions 
of two series of birds, the results would have been some- 
what different. 

The number of egg production classes (excepting 
classes with 0 frequency in both series of birds), the 
number of unpaired classes, and the contribution of such 
unpaired classes to the total value of x’, expressed as 
percentages of the total value of x’, are given in table 6. 
These percentages show that in some months the contri- 
bution to x* of egg production classes in which one or the 
other groups of birds are not represented by frequencies 
may be very material. These larger percentage contribu- 
tions occur chiefly in the months of low egg production, 
and are more especially apparent in the later months of 
the year when, because of the reduction in the size of the 
group of birds which subsequently die, unpaired classes 
are more numerous. When production is low the larger 
number of birds are concentrated in low production 
classes with the result that larger production classes may 
have no frequencies in one or both groups of birds. 

The distribution of these contributions is represented 
graphically in diagram 3. As is to be expected, this 
shows that the largest contributions made by these un- 
paired classes are at the beginning and end of the year 
when large numbers of the birds are not laying at all, 
and when the average production is low (as shown by the 
distribution of the mean productions throughout the year 
in the lower figures of diagram 1). 

To test the agreement (or perhaps more properly, the 
divergence) of the distributions of numbers of egss laid 
per month by birds which survived and which died more 
critically in such cases we may reduce the number of 
classes by combining in classes of smaller ranve. 

The records for July to October for Rhode Island Red 
birds have been treated in this manner, with the results 
set forth in tables 7-9 for July, August and September. 
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TABLE 7 


VALUES OF y° FOR GROUPED CLASSES OF JULY PRODUCTION OF RHODE 
ISLAND RED BIRDS 


Egg class Ng Na N.Na (wa 
Ng + 
57 21 92.3074 
52 12 30.6479 
70 4 00.1545 
141 4 00.9870 
261 9 0.8070 
33 9 2.8417 
234 8.9821 
179 9 0.0466 
158 3 2.5506 
73 1 1.6798 
1563 73 141.0046 
TABLE 8 


VALUES OF 7° FOR GROUPED CLASSES OF AUGUST PRODUCTION OF RHODE 
ISLAND RED BIRDS 


(x! Ns \" 

Egg class Ns Na 

92 15 49.5204 
78 5 3.1746 
88 6 4.4400 
157 4 0.0584 
289 0.2046 
261 2 4.0159 
193 2 2.2531 
180 2 1.9327 
225 2 3.0681 
1563 45 68.6678 


x 
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TABLE 9 


VALUES OF y? FOR GROUPED CLASSES OF SEPTEMBER PRODUCTION OF RHODE 
ISLAND RED BIRDS 


N,N he 
Egg class Ns Na eNNe 
Ng + Na 
Oates 191 13 32.3544 
| 105 2 00.0915 
A 1171 3 12.4494 
1563 24 57.973 


The values bear the following relations to those obtained 
without grouping: 


x P 

July 

Original Classes 164.75 .000000 

Combined Classes 141.00 000000 
August 

Original Classes 77.63 -000000* 

Combined Classes 68.67 000000 
September 

Original Classes 73.91 .000001* 

Combined Classes 57.97 .000000 


The values with the asterisks were obtained by extrapola- 
tion but are sufficiently accurate for all practical pur- 
poses. 

While the values of x? are in all cases lower for the 
grouped classes, the values of P are (in so far as can be 
determined from published tables) essentially unchanged, 
since for a given value of x? the value of P decreases as 
the number of classes becomes smaller. Thus we can feel 
no concern over the influence of the occurrence of un- 
paired classes as a source of error in our conclusions. 


IV. Summary 


The purpose of this paper has been to illustrate a eri- 
terion of the differentiation with respect to egg produc- 
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tion of birds which die before the end of a given period 
from those which survive throughout the given period. 

The method here employed in the comparison of the 
ege production of Rhode Island Red, White Wyandotte 
and White Leghorn birds is Pearson’s (7) criterion of 
the probability that two independent distributions of fre- 
quency are really samples of the same population. This 
method has the advantage as compared with those em- 
ployed earlier (4) (5) of basing the test of differentia- 
tion on the frequency distributions of the two classes as 
a whole instead of on the means, standard deviations and 
coefficients of variation of these distributions. 

The results, taken in connection with earlier investiga- 
tions (4) (5) (6) of the same problem, clearly establish 
the conclusion that in general the frequency distributions 
of monthly egg production are significantly different in 
the two classes of birds. 

The distribution of the values of x* (which measures 
the deviation of the frequency distribution of monthly 
egg productions of birds which survive from that of those 
which die) throughout the year is shown to roughly 
parallel the mean monthly egg production and the 
monthly percentage death rates. Thus, as measured by 
this criterion, the differentiation of the birds of the two 
classes with respect to egg producing capacity is, gen- 
erally speaking, greatest during the months of the year 
in which the average production and the percentage death 
rates are highest. The biological significance of this 
parallelism is discussed. 

To what extent the measured differences between the 
egg production records of the two classes of birds are due 
to the influence of pathological factors on egg production, 
and to what extent they represent innate constitutional 
differences of a kind which may be significant in their 
relation to the problem of natural selection, must be de- 
termined by future research. The studies of which this 
is one have fully demonstrated the theoretical interest 
and the economic importance of such further investiga- 
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tions which should involve first of all the collection of 
more detailed information concerning the actual causes 
of death for large series of birds. 


(1) 


(4) 


(5) 


(6) 


(7) 
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A GENETIC RECOMBINATION FOR THE EX- 
PRESSION OF AWNS IN WHEAT" 


DR. GEORGE STEWART AND PROFESSOR D. C. TINGEY 
UTaH AGRICULTURAL EXPERIMENT STATION, LOGAN 


Aw unusual segregation in the awn characters of wheat 
has recently been obtained at the Utah Experiment Sta- 
tion in a Marquis < Federation cross. Data regarding 
a distinetly transgressive segregation in awns and other 
data regarding what seems to be a normally expected 
behavior in the inheritance of grain color, glume color, 
and dwarfing are here briefly summarized. 

Waldron (6),in a Kota X Marquis cross, observed nor- 
mal and dwarf F; plants in the ratios of 1:0, 3:1, 13:3, 
59:9, 15:1, and 68:1. One series of F, families derived 
from F, dwarfs produced ratios of 1:0,0:1,1:3,7:9,1:15 
and 1:63 normal to dwarf plants. Most of his data were 
explained by a theory of three factors, two of which were 
for dwarfing, and one for normal height which was com- 
pletely dominant over the two factors for dwarfing. He 
thus explained the possibility of all his ratios except 
1:15 and 1: 63, which he thought might be accounted for 
as a labile condition bringing about a reversal of domi- 
nance. 

Goulden (3), in studying the cytological behavior of the 
chromosomes of oat dwarfs, found irregular pairing, lag- 
ging chromosomes and trivalents which if applied to 
Waldron’s wheat dwarfs would explain the 1:15 and 
1:63 ratios. 

Clark (1) ina Hard Federation Marquis cross found 
evidence of the behavior required by the ordinary 2-fac- 
tor inhibitor theory for dwarfs. He reports also a 2-fae- 

1 Contribution from the Department of Agronomy, Utah Agricultural Ex- 


periment Station, Logan, Utah. Approved for publication by the Director, 
April 18, 1928, 
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tor difference in awns between Marquis and Hard Fed- 
eration. 
EXPERIMENTAL 


In the summer of 1924, a pure line of Marquis was 
crossed with a pure line of Federation. Both varieties 
are classified as awnless (2), though Marquis has oceca- 
sional apical awns from 1 to 10 mm long. Marquis has 
red kernels and white glumes, whereas Federation has 
white kernels and bronze glumes. 

The glumes of the F, plants were bronze and the 
kernels short and red, very closely resembling those of 
Marquis. The spikes were awnless with a few apical 
awns not noticeably more pronounced than those of 
Marquis. 

Two F, plants were selected to begin hybrid families, 
31a and 31b. Kernels of each family were sown in rows 
one foot apart and spaced three or four inches in the row. 
The F, plants showed segregation for bronze and white 
glumes, for tall and dwarf plants, for red and white grain, 
and for lack of awns and short awns 20 to 40 mm in 
length. 

There were 474 F, plants in family 3la and 480 in 
family 31b. The tall plants were classified as to grain 
and glume color, but since most of the dwarfs bore either 
no heads or else poorly developed ones, no effort was 
made to classify them as to other than height characters. 
A brief summary of the numbers of plants grouped ac- 
cording to F, characters is given in Table 1. 

These data suggested a 15:1 ratio for red and white 
grain, a 3:1 ratio for bronze and white glumes and a 
13:3 ratio for tall and dwarf plants. Since the F, 
progenies were to be grown for the purpose of obtaining 
pure lines for rod-row tests, it was decided to secure the 
necessary F; genetic data and to compare the observed 
data with the caleulated expectancies on the basis of the 
ratios suggested. 

Family 31a was chosen for the F; planting. Alternate 
plants were chosen at random for parents of F; progenies. 
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TABLE 1 
NUMBER OF F, PLANTS IN Two Hysrip FAMILIES FROM THE CROSS BETWEEN 
MARQUIS X FEDERATION, CLASSIFIED ACCORDING TO TALL OR 
DwakFr PLANTS, COLOR OF GRAIN, AND COLOR OF GLUMES 


(Families 3la and 31b; grown in 1926 at Logan, Utah) 


No. of tall plants 


: No. of 
Family Red kernels White kernels nator 
Bronze White Bronze White plants 
glumes glumes glumes glumes 
3la 274 88 11 9 92 
31b 283 100 14 7 76 


Every F, plant selected was the parent of an F; progeny 
of 30 to 50 plants. Since many of the dwarf plants bore 
either no kernels or too few to seed good-sized progenies, 
none of these was continued into F;. 

The plants were classified in the laboratory for awns, 
for grain color, for glume color and for tall and dwarf 
plants. It was now possible to arrive at the genotype of 
the F, plants by the F; breeding behavior, and this was 
taken as the basis of all classifications reported. In each 
case the total progeny of 30 to 50 plants was carefully 
classified as to awns, color of grain, color of glumes and 
tallness or dwarfness. 


AwNns 


Observations on the F, plants did not suggest anything 
unusual regarding awns. During the next season, how- 
ever, F, plants were observed to vary considerably in the 
expression of this character. In F; each plant in each 
F, progeny was classified in one of three groups: 

(1) Nearly awnless, that is, similar to either parent. 
This group of plants was designated as having awns 
No. 1. 

(2) Distinct short awns, about the size of the awns on 
ordinary F, plants from a cross between awnless and 
awned varieties. The awns in this group exceed those of 
either parent by several hundred per cent. They were 


— 
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Range in Awn Length of Fa's 
Marq wis x Hava Federation 


Fic. 1. The four types on the left bred true to the awnless condition and the 
four on the right to the awned condition. The two in the middle segre- 
gated. The parents resembled the second and the fourth from the left. 


real awns, though not long ones, as is shown in Figure 1. 
The plants in this group were designated as having awns 
No. 2. 

(3) Progenies segregating for both sorts of awns. 

There were 52 progenies breeding true for awns No. 1 
and 50 for awns No. 2, with 98 segregating. This is an un- 
usually close approximation of a 1:2:1 ratio. When 
the closeness of fit is caleulated, X? 0.12, which makes 
P very high. When properly corrected for the planting 
plan so as to account for all F, plants, X? was 0.16 and P 
was much above 0.50. There seems, therefore, to be a 
single major factor difference between the two parents. 
One parent carried some complementary factor without 
the presence of which the awns do not develop. However, 
the inheritance is more complex than this, as some of the 
group classified as awnless were homozygous for almost 
no beaks or awn points and others were homozygous for 
short beaks. In the group that bore awns transgressively 
longer than either parent, some progenies that were 


4 a if j ~ 
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homozygous bore much more fully developed awns than 
did other homozygous awned progenies. There were, 
therefore, three major groups: (1) homozygous for awns 
No. 1, (2) heterozygous for awns No. 1 and No. 2 and (8) 
homozygous for awns No. 2. Each of the two homozygous 
groups, however, consisted of a series of minor groups 
which the writers were unable to separate into classes 
accurately enough to permit the study of ratios. The 
three major groups were, however, on the basis of F; 
breeding behavior, clearly and readily separated from 
each other. In the homozygous rows there was no ques- 
tion as to where the rows belonged. In the heterozygous 
rows, there were some plants clearly having awns No. 1, 
some clearly having awns No. 2 and some intermediate. 
It is thought that the intermediates would segregate if 
continued into F,. 

This case for transgressive awn segregation is closely 
analogous to two others previously reported by Stewart 
for inheritance of spike-density (4) and reaction to black- 
stem rust (5). In the case with awns here reported the 
grandparents, however, were recovered, whereas in the 
case of spike density one grandparent was either not re- 
covered or else with great infrequency. In the other case 
a segregate highly resistant to black-stem rust was ob- 
tained from a cross between two susceptible parents. 


CoLor oF GLUMES 


The F, plants all had dark bronze glumes, practically 
as dark as the Federation parent. Of the 382 tall F, 
plants, 285 had bronze glumes and 97 had white glumes. 
This is a deviation of only 2 plants from a 3:1 ratio, 
when the probable error is 5.71 plants. The 200 F;, 
progenies showed an almost equally close fit to a 1:2:1 
ratio. There were 46 progenies with true-breeding red 
glumes, 55 with true-breeding white glumes, and 99 segre- 
gating, where 50, 100 and 50 is the calculated expectancy. 
For these numbers X* 0.83; P is considerably higher 
than 0.50. 
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CoLor oF GRAIN 


The F, plants all bore dark red kernels, similar in size 
and in general appearance to those of Marquis. In the 
F, generation, 362 plants had red grain and 20 had white 
grain. Out of 382 plants, 23.9 would be expected to have 
white grain on a basis of 15 red:1 white. Since the F; 
breeding behavior shows much more about the genotype 
of an F, plant than can be told by inspection of the F, 
plant itself, final decision as to proper classification was 
left until the F; progenies were grown. The approxima- 
tion of a 15:1 ratio suggests a 2-factor difference for 
color of grain. This would give, in F;, four groups of 
progenies in the following proportions: 

7 true-breeding for red grain 
4 segregating 15 red: 1 white 
4 segregating 3 red: 1 white 
1 true-breeding for white grain 


Of the 382 progenies, 172 bred true for red grain; 88 
segregated 15 red: 1 white; 102 segregated 3 red: 1 white, 
and 20 bred true for white grain. For these data, P was 
0.6155. 

In order to study the data for independent or linked 
assortment of genes for grain color and glume color, a 
calculation was made of the ratios to be expected for 
strictly independent assortment. On this basis, P was 
0.5492. 


DwarFr PLANTS 


There were 92 dwarf plants in family 3la and 76 in 
family 31b. This is a ratio of 12.89: 3.11 of tall to dwarf 
plants and of 13.49: 2.51 for the two families when a 13:3 
ratio might have been expected from those previous 
crosses with Marquis in which dwarfs were obtained. 

In the family 31a with 474 total plants, there is a devia- 
tion of 3.5 plants when the probable error is 5.72. In 
family 31b with 480 total plants, 76 dwarfs is a deviation 
of 14 plants, with a probable error of 5.77 plants. The 
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deviation is 2.4 times its probable error. A wider devia- 
tion due to chance alone could occur once in about eleven 
times. 

In F; no progeny rows were seeded with grain from 
dwarf plants. The progeny rows from tall plants, how- 
ever, segregated in such a fashion as to show which were 
breeding true for tall plants and which were segregating. 
According to the inhibitor theory, one third of the dwarfs 
should breed true and two thirds should segregate 3 
dwarf:1tall. Since the F, dwarfs were not continued in 
F,, the dwarfs were regarded as a unit. The expectation 
based on the breeding behavior of F, progenies was as 
follows: 


7 true-breeding for tall plants 
4 segregating 13 tall: 3 dwarf 
2 segregating 3 tall: 1 dwarf 
3 dwarf plants (not continued in F;) 


Entire absence of dwarfs in certain progenies clearly 
designated these as being homozygous for tall plants. 
The 13:3 and 3:1 ratios, expected from two groups of 
tall plants, approximate each other so closely as to cause 
difficulty in classifying the progenies. The classification 
was made in a somewhat arbitrary fashion by calculating 
the goodness of fit in terms of deviation divided by the 
probable error. On the expectations from this theory, 
P was 0.3153. 
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THE LIMIT OF RADIATION FREQUENCY 
EFFECTIVE IN PRODUCING 
MUTATIONS 


DR. EDGAR ALTENBURG 
THE INstiTuTE, Houston, TEXAS 


Tue recent work of Muller in producing germinal 
changes by means of X-rays has raised the question as to 
what the limits of wave-length are within which radiations 
are effective in causing mutations. The short wave- 
lengths, with which he worked, are known to have a 
definite action in ejecting electrons from their atoms, and 
so producing chemical changes. It is possible that Mul- 
ler’s results on mutation frequency were due to an altera- 
tion in the chemical constitution of the gene, brought 
about by the X-rays, and any other agent which could 
reach the gene directly and cause its chemical alteration 
might be expected to have a similar effect on mutation 
rate. Ultra-violet light seemed promising in this comnec- 
tion, because it too is known to produce some chemical 
changes—not so often by ejecting electrons in the manner 
of X-rays, as by dislodging them to positions of lesser 
stability. 

Experiments were therefore carried out to determine 
the effect of ultra-violet light on mutation frequency. The 
material used was Drosophila melanogaster. The flies 
were placed in a small chamber, at a distance of about two 
inches from a quartz mereury are Cooper-Hewitt lamp, 
which was the source of the radiation. The chamber had 
a quartz cover, rather than one of ordinary glass, so as 
to permit the penetration of the rays. Preliminary tests 
showed that the rays penetrated the chitinous integument 
of the flies rather freely, as indicated by the fact that 
certain salts showed little decrease in fluorescence when 
the flies were interposed in the path of the rays directed 
at the salts. The Cooper-Hewitt lamp employed for the 
radiation gave off heat rays in addition to ultra-violet, 
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and it was necessary therefore to devise some means of 
keeping down the temperature of the chamber that con- 
tained the flies. In order to do this, a current of air, 
cooled with ice water, was passed through the chamber. 
This arrangement was found to prevent any appreciable 
rise in temperature within the chamber, although it is pos- 
sible that the temperature of the flies themselves may 
have been somewhat raised by direct radiation with the 
heat rays. The duration of the radiation varied from 
a half hour to four hours, in different experiments. 
Longer treatments would have been impracticable, for it 
was found that a considerable proportion of the flies were 
killed or sterilized even with the shorter exposures used, 
and after the longer exposures only a very small fraction 
could be bred. Any such slight rise in temperature as 
might have occurred would not suffice to explain these 
effects, as experiments involving temperature alone have 
shown. Besides which, in a control experiment, the ultra- 
violet rays were excluded in large measure, but not the 
heat rays. In the control, the quartz that covered the 
chamber above described was replaced by plate glass of 
about the same thickness as the quartz. The flies now 
survived the longest treatment used (4 hours) and were 
fertile. 

For purposes of genetical analysis, the flies employed 
for the experiment were of special synthetic stocks which 
made it possible to follow a certain chromosome through 
the course of the experiments and to detect the location 
of any mutations that might be produced. The particu- 
lar chromosome selected for study in these experiments 
was the X-chromosome, for the reason that any muta- 
tions that are produced in a fly are more readily detect- 
able in the case of this chromosome than of any of the 
others. Males of the mutant race known as bobbed (bo) 
were radiated and then were mated to females (not 
radiated) belonging to a synthetic stock having the three 
mutant genes scute (s.), vermillion (v) and forked (f). 
All the genes in question are located in the X-chromo- 
somes, b, being at the right end, at point 70, and the 
genes scute, vermillion and forked being located at the 
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left end, the middle and near the right end of the chromo- 
some, at the points 0, 33 and 57, respectively. The cross 
b, 


s.vf 
is represented by the formula es female 


male. The female offspring from this cross (of composi- 
tion a, received the treated b, chromosome from 


their father, and the s, v f chromosome, not treated, from 
their mother. These F, females were then mated to their 
brothers, and any mutations of the visible sort that had 
taken place in either of their X-chromosomes would be 
detectable in the male offspring that received the X with 
the mutation. Lethal mutations would be detected by 
the absence of the class of males that had received the 
lethal (and that had therefore died before reaching 
maturity). The frequencies with which mutations oc- 
curred in the course of the experiment in the treated and 
the untreated chromosomes would be compared, the latter 
serving as a control. The approximate location of a 
mutation was indicated by its linkage relationship. In 
the case of a lethal that occurred in the treated chromo- 
some between 8, and V, the location of the lethal between 
these two loci would be indicated by the almost complete 
absence of the S, V class of males, since only the com- 
paratively rare process of double crossing-over could 
remove the lethal from between these two loci and allow 
the class of males in question to survive. The absence 
of the V F class of males would, on similar grounds, 
indicate the existence of a lethal between V and F: 

The results of the ultra-violet treatment are given in 
the accompanying tables. Three lots of males were radi- 
ated at different times during the course of the experi- 
ment, and the results from each lot are recorded in a 
separate table. The duration of the treatment was not 
the same for all the flies of a given lot, but was varied by 
removing the treated males from the chamber at various 
intervals after the beginning of the radiation. A number 
of daughters derived from each treated male were given 
the breeding test above described, for lethals and other 
mutations in their X-chromosome. It would have been 
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preferable to breed just one daughter of each treated 
male, because then there would have been no chance of 
confusing separate mutations with mutations of common 
origin, such as might be present in sisters. But it was 
difficult to treat the males in such large numbers as this 
procedure would have necessitated. It so happened in 
the actual course of the experiment that errors of the 
kind referred to did not arise. For no two lethals were 
detected in females of the same family, and in the same 
location in the X-chromosome; accordingly, the lethals 
recorded in these experiments were all of separate origin. 


TABLE 1 
Culture 
number of Duration of Number of Number Location of 
radiated radiation F, 2@Qbred of lethals lethals 
| 1 hr. 10 min. 
3 Lhr. 
11 30 min. ts 
12 (Not less than 
30 min.) 60 
12 hr. 10 min. 56 2 
Total number of F, females bred, 436 


The male numbered 1° was the same as male No. 1, which was transferred 
to a new bottle about ten days after radiation, and a new brood started 
from it. 


From an inspection of the tables, it will be seen that 
three lethals were detected in a total of 844 tested 
females. All three, it so happened, were in radiated 
chromosomes. In addition, a very high proportion of 
the F, females recorded in Table 3 were sterile (86 out 
of a total of 310). These particular females, however, 
hatched during the warm season in Houston, Texas, and 
the temperature in the laboratory may have been too 
high for the culture of Drosophila. The sterility of the 
females in question is therefore not due to any genetic 
effect of the ultra-violet light on their fathers, particu- 
larly since the F', females recorded in Tables 1 and 2 and 
grown at a cooler temperature showed no sterility. 
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TABLE 2 
Be xsd f Duration of Number of Number Location of 
2 radiation F, 2Qbred lethals lethals 
2 1 hr. 50 min, 81 
8 1 hr. 50 min. 103 1 bet. S, and V 
Total number of F, females bred, 184 
TABLE 3 
Culture Number Number of 


number Duration of Number Location : 
of radi- radiation oftethals of lethals 
ated 4 


4 hrs. 56 28 
2 4 hrs, 26 
3 4 hrs. Be «suse 16 
4 4hrs. 35 16 


Total number of F, females bred, 436 
sterile F, females 86 


Total for all three tables 
Total number of F, females bred, 844 


There remain for consideration the three lethals that 
were detected in the experiment. As stated above, it 
happened that all three arose in the treated chromosome. 
But probably there is no significance to be attached to 
this fact, for the frequency of lethal mutation is only 
about 1 in 281 chromosomes, a rate which is not so great 
as that found in somé previous experiments by H. J. 
Muller and the writer in unradiated material. 

It may be safely concluded, therefore, that ultra-violet 
light of mixed wave-lengths, given in maximum toleration 
doses, has no effect on the mutation frequency at all com- 
parable with the effect of X-rays of mixed wave-lengths, 
even though the latter are given in a much less nearly 
lethal dose, such as Muller’s ‘‘t4’’ dose. If the latter 
dose of X-rays had been used in the present experiment, 
instead of the ultra-violet treatment, there would have 
been about one hundred lethals detected instead of three. 
Unlike like X-rays, then, the transmuting effect (if any) 
of mixed ultra-violet light on the genes of Drosophila is 
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negligible, compared with its deleterious effect on the 
individual as a whole. It is still possible that particular 
wave-lengths of monochromatic ultra-violet light might 
be found which the individual might tolerate in much 
larger amounts, and which might therefore be used to 
produce an appreciable rise in mutation frequency, but 
such a presumption at present lacks experimental sup- 
port and hence remains to be proved. 

The question is thus raised as to what the spectral 
limits are, within which radiation is effective in produc- 
ing mutations. To get this information we must neces- 
sarily get some negative, as well as positive results. But 
it now seems probable that, in order to determine the 
longest effective wave-length, shorter wave-lengths than 
those here employed would have to be tested out. Un- 
fortunately, however, the region of the spectrum between 
the ultra-violet and X-rays is easily absorbed by air, so 
that it would be necessary to radiate the flies in a vacuum 
if the rays in this particular spectral region were to reach 
and penetrate them. 

Guyénot (1914) also reported negative results on the 
genes, using ultra-violet treatment. But the indecisive- 
ness of the methods here used is clearly enough shown by 
the fact that negative results were obtained with X-rays, 
as well as with ultra-violet, in this set of experiments, 
whereas we now know X-rays to have a very pronounced 
effect. 


SuMMARY 

Ultra-violet light in the amounts used in the present 
experiments had no appreciable effect on the mutation 
frequency. Varied amounts of light were used. The 
heaviest doses were about the limit that the flies (adult 
males) could be made to tolerate with the technique em- 
ployed. 
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THE PERIODIC FRUITING OF DICTYOTA—AN 
ACQUIRED CHARACTER?' 


PROFESSOR W. D. HOYT 
WASHINGTON AND LEE UNIVERSITY 


THE marine alga, Dictyota, shows an interesting fruit- 
ing habit in all parts of the world where it has been ade- 
quately studied. All its species which have been exam- 
ined with sufficient care have been found to produce their 
sexual cells in more or less regular periodic crops at in- 
tervals which are correlated with periodically varying 
conditions of the tides or moon. The relation between 
the fruiting periods and the external conditions varies, 
however, in different places, so that the time of fruiting 
is different in the different localities where studies have 
been made, and three different types of periodicity have 
been observed in different regions. 

The first type is found on the shores of Wales, England, 
and Italy, where the plants produce their sexual cells at 
fortnightly intervals. Here crops are produced in rela- 
tion to each set of spring tides, but the time of fruiting, 
and so the exact relation to the tides, differs at each of 
the different localities studied. The plants of this region 
thus have the same type of periodicity throughout the 
entire region, but a different correlation with the tides in 
each of the three localities where studies have been made 
(Bangor, Wales; Plymouth, England; and Naples, Italy). 
Moreover, at Naples the crops are distinctly less uniform 
than at the other places, many of the plants bearing all 
stages of fruits from young rudiments to mature sori 
which have liberated their sexual cells. This fact may 


1A fuller account of the observed facts and a discussion of these is given 
in Hoyt, W. D., ‘‘The Periodic Fruiting of Dictyota and its Relation to 
the Environment,’’ Amer. Journ. Bot., 14: 592-619. (Dec.) 1927. 
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be related to the small range of the tides occurring in this 
region. 

The second type of fruiting is found at two places 
(Beaufort and Wrightsville Beach) about one hundred 
miles apart on the coast of North Carolina. Here sexual 
fruits are produced only once in four weeks, at the times 
of the full moon, the plants of both localities fruiting at 
the same time. This fact stands out more strikingly 
when it is realized that the sexual plants, beginning their 
growth in the spring, and growing from spores which are 
shed throughout the month, reach a mature condition at 
different times. It seems evident that some will be 
mature at one time and some at another, and yet they all 
fruit together with remarkable uniformity. It thus ap- 
pears that, having attained maturity, they fruit immedi- 
ately if the fruiting period is at hand. but, if the time for 
fruiting has not arrived, they wait as long as may be 
necessary until the period of the full moon approaches. 

The third type of fruiting is found in Jamaica at all 
the localities and in all the species which have been stud- 
ied. Here the plants seem to bear their sexual fruits in 
regular crops, but, at least in the region which has been 
most studied, so prolong their development that no 
change in their condition is evident during a period of 
twenty-two days. Moreover, about half of the plants 
examined bore two crops of different ages, the younger 
one being intermixed with the older one and extending 
beyond this toward the apices. The result of these two 
conditions is that almost continuous fruiting is produced, 
with the decided obscuring of the periodicity in develop- 
ment. This fact seems to be of interest when considered 
in connection with the tides of the region. 

At each locality which has been studied the tides are 
different. At the European localities, Bangor, Wales, 
and Plymouth, England, have relatively great tides with 
a mean range of 11.5 and nearly eighteen feet, and a dif- 
ference between spring and neap tides of over eight and 
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11.5 feet. At Naples, on the contrary, the tides are al- 
most negligible, with a mean range of less than ten inches 
and a difference between spring and neap tides of only 
six inches. And yet, at all three of these places, Dictyota 
produces its sexual cells at regular, predictable, fort- 
nightly intervals. At the North Carolina places the tides 
are relatively slight, with a mean range of about 2.5 to 
three feet and a difference at spring and neap tides of 
only about one foot. Here Dictyota produces its sexual 
fruits at regular monthly intervals at the times of the 
full moon. The tides of Jamaica have almost the identi- 
cal range as those at Naples, but differ from the latter in 
their greater irregularity. Whereas, in all places of 
slight range, the wind may affect the tides considerably, 
the rise and fall are usually fairly constant. But in 
Jamaica the intervals between high and low water vary 
between three and seventeen hours, and many days dur- 
ing each month have only one period of high and low 
water, while other days have the usual two periods. This 
fact may be related to the less regular, more prolonged 
fruiting condition of Dictyota observed in this region. 
Whatever the causes may be for the periodic fruiting 
of Dictyota, the plants retain their established fruiting 
periods for weeks or months after they are removed from 
tidal influences. At Bangor, Wales, at Naples, Italy, and 
at Beaufort, North Carolina, plants have been kept in the 
laboratory for periods of several weeks to several 
months, and in all cases produced their sexual fruits at 
the times characteristic of each region, even, in the plants 
of North Carolina, on new branches formed in the labora- 
tory and therefore never exposed to the alternating influ- 
ence of the tides. Similarly, plants which were placed in 
partly floating light and dark boxes and transferred so 
as to reverse the conditions of greater and less intense 
light normally experienced at spring and neap tides kept 
their usual periods of fruiting. Moreover, both at Beau- 
fort and at Naples, when winds or other causes produced 
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changes in the tides, the plants fruited according to their 
regular schedule and not according to the tides to which 
they were actually exposed. In no case was there evident 
any relation between the actual height of the tide and the 
actual days when fruiiting occurred. 

Summing up the observations we find that, whether in 
Europe or America, whether exposed to tides of 11.5 to 
eighteen feet range (as in Wales) or to tides of 2.5 to 
three feet (as in North Carolina) or to tides of ten inches 
(as at Naples), wherever the tides are regular, Dictyota 
produces its sexual fruits in regular periodic crops on 
days that can be predicted with a slight margin of error. 
When the tides are irregular (as in Jamaica) Dictyota 
prolongs the development of its sexual fruits and over- 
laps its crops so that there is only a trace (but yet a dis- 
tinct trace) of periodicity in its reproduction. This fact 
is more striking when we recall that the tides of Naples 
and of Jamaica have practically the same range, differ- 
ing principally in the matter of their regularity. Where, 
however, these regular tides are very slight (as at 
Naples) the regularity of reproduction is decidedly less 
marked than in Wales and North Carolina, where the 
tides have greater range. At Bangor, Wales, at Ply- 
mouth, England, at Naples, Italy, and at Beaufort, North 
Carolina, the tidal relations are different for each place, 
both in the range of the tide and in the hours at which 
low water of the great spring tides occurs, and in each of 
these places Dictyota has a different schedule for the 
initiation of its rudiments, for the time taken for the 
development of its crops, and for the day of liberation of 
its gametes. Moreover, the same species occurring in 
Wales, England, Italy, North Carolina and Jamaica has 
a different schedule in each of these regions and shows 
all three of the types of periodicity observed, while three 
different species in Jamaica all show the same fruiting 
behavior. 


300 THE AMERICAN NATURALIST 


From these facts it appears that there is a correlation 
between the fruiting behavior of Dictyota and the tidal 
conditions to which it is exposed, and yet we find this 
alga continuing its production of crops at the same regu- 
lar periods when entirely removed from tidal influences. 

This behavior does not seem to be due to the direct 
response of the plant to any single factor or group of 
factors in the immediate environment, since it does not 
alter its fruiting periods in response to changes in the 
environment. The feature of periodic reproduction 
would thus seem to be as much a character of the plant as 
are its form and structure, determined, in the same way 
as are the form and structure, by the inherent capacity 
ol the plant, and dependent to the same extent (but no 
more) on the molding influences of the environment. As 
the form and structure have been developed by the inter- 
action of external conditions and the inherent capacity 
of the protoplasm and would, we can surely believe, be 
different if the conditions were sufficiently different, so 
with the periodic habit of fruiting. Neither is dependent 
on any single factor or group of factors in the environ- 
ment, but is the result of the reaction of the plant to the 
sum of all the factors of the environment. In fact, the 
fruiting habit seems more firmly fixed than are the form 
and structure. Whereas, plants growing under different 
conditions frequently assume unusual (‘‘abnormal’’) 
forms and, in the laboratory, sometimes produce struc- 
tures bearing little resemblance to the usual Dictyota 
plants, the fruiting, if occurring at all, is only slightly 
delayed. At Beaufort the plants kept in the laboratory 
were always injured, the greater portions of them dying. 
Some parts, however, remained alive and frequently 
formed small side branches. All portions which re 
mained living and capable of fruiting, the new branches 
which had never been subjected to tidal influences as well 
as the old parts, bore their fruits at the same periods as 
did the plants growing under natural conditions. While 
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such fruits were often retarded one or two days, this was 
apparently due to injury, such a conclusion seeming to be 
warranted by the behavior of plants in the harbor when 
conditions became unfavorable for them. The remark- 
able fact is that, under conditions that are so injurious 
as to kill the greater portions of the plants, the fragments 
that remain alive should still retain their fruiting period. 
Iividently this periodicity is very firmly impressed on the 
protoplasm of the plants. 

While, however, this phenomenon of periodic fruiting 
seems to have been developed by the inherent capacity of 
the plant, it seems that it must also have been developed 
in response to the factors of the environment. When we 
consider the close correlation between the fruiting 
periods and the external conditions, we are compelled to 
believe that these periods have been timed in response to 
the external conditions. In no other way can we account 
for the fact that, having observed the relation of the 
fruiting period to the tides in any given locality, we can 
predict, from the tidal intervals, all subsequent fruiting 
periods for that locality, for the fact that each place has 
its own schedule of fruiting with respect to the tides, and 
for the fact that one species fruits differently in different 
regions while three different species have the same fruit- 
ing behavior in the same region. 

Not only do the sexual plants of Dictyota fruit at the 
sume periods, but, both at Beaufort and at Naples, they 
discharge their reproductive cells at the same hour. At 
Beaufort about 80 per cent. of the sexual cells are dis- 
charged in a single day, about 60 per cent. to 70 per cent. 
of the eggs, and apparently of the sperms also, being 
shed in a single half hour. In striking contrast to this is 
the behavior of the non-sexual plants. These alternate 
regularly with the sexual ones in the life cycle and live 
mixed with them under the same conditions. They, how- 
ever, produce their sporangia and mature and shed their 
spores continuously throughout the month and also lib- 
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erate their spores throughout the day and night, having 
no definite hour for discharging their reproductive cells. 
The advantage of the simultaneous production and dis- 
charge of the sexual cells is obvious, since fertilization 
will be accomplished more surely if large numbers of both 
eggs and sperms are liberated at the same time than if 
a few are shed at scattered intervals. There seems here 
a striking parallelism between the advantage or non- 
advantage of a habit to the plant and the formation or 
non-formation of that habit by the plant. 

A more or less similar behavior is known for other 
forms. Several algae have been described as reproduc- 
ing at regular periods, while others reproduce simultane- 
ously but at irregular intervals. A number of animals 
in widely different groups are also known to mature and 
liberate their sexual cells at definite periods, usually in 
relation to certain phases of the moon. Perhaps this 
phenomenon is more wide-spread than we now realize. 

In Dictyota we have a plant which seems to have the 
periodic production of its sexual cells as an: inherent 
character. This is indicated by the fact that the charac- 
ter is present in all species and in all localities that have 
been studied, by the fact that the time of fruiting is not 
due to direct response to factors of the environment since 
this is not altered when the external conditions are 
altered, by the fact that parts of plants produced in the 
laboratory and so removed from tidal influences maintain 
the same fruiting periods as found in the plants growing 
under rhythmic tidal conditions, and by the fact that this 
character seems to be more constant under changed con- 
ditions than are the form and structure. 

On the other hand, the periods of fruiting seem to be 
timed in response to the conditions of the environment. 
This is indicated by the fact that different types of peri- 
odicity are found in different regions, by the fact that, 
at different places, there are observed different relations 
of fruiting periods to tidal conditions, by the fact that 
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correlation of fruiting periods to tidal intervals is so 
close that the time of production of each crop can be pre- 
dicted from a knowledge of the tidal periods, by the fact 
that greater regularity seems to be associated with 
greater, more regular tides, and by the fact that the same 
species of Dictyota shows different fruiting periods in 
different localities, exhibiting all three types of periodic- 
ity observed in different regions, while three different 
species show the same fruiting behavior in the same 
region. 

It is greatly to be desired that methods of culture may 
be devised so that we may learn whether the fruiting 
periods are inherited by successive generations grown 
under conditions removed from tidal influences. It is 
hoped that this may be accomplished in the near future. 


INFLUENCE OF THYROID EXTRACT AND IODINE 
ON GROWTH AND DEVELOPMENT— 
I. WITH A STANDARD BASIC DIET’ 


PROFESSOR F. E. CHIDESTER, A. G. EATON AND W. M. INSKO, JR. 


DEPARTMENT OF ZOOLOGY, WEST VIRGINIA UNIVERSITY 


PRELIMINARY to a study of the influence of avitaminosis 
on the internal secretions, and thus on embryonic and 
postnatal growth, experiments were made in which iodine 
was added to basic and acid diets. 

The experiments here described are those in which on 
standard basic diet iodine was exhibited in the presence 
of glucose. The animals used were rabbits and rats, 
taken from a preliminary mixed diet and placed under 
experimental conditions. 


Preliminary Mixed Diet of the Rabbits. 

An acid mixture consisting of three parts of oats, one 
part wheat bran, and one part yellow corn had added to 
it at each mixing a small quantity of coarse ice-cream salt. 
The basic portion of the diet included green lettuce and 
celery, augmented by mixed clover and timothy hay fur- 
nished in quantity. City water was also supplied. 

Experiment I: Rabbits, old stock. Seven female rab- 
bits, averaging fifteen months of age, with records of 
fertility, were mated with a young male of proven 
potency. They were placed in separate experimental 
cages and given the following diets: 

Lot I: Basie foods supplied to females No. 20 and No. 6. 
Alfalfa meal mixed with distilled water to soften, sup- 
plied in quantity so small as to be quickly consumed, aver- 
aged 150 ee per feeding. Green food, consisting of 

1 Approved by the director of the West Virginia Experiment Station for 


publication as Scientific Paper No. 30. This investigation was supported 
by the Purnell Fund, W. V. U. Project No. 140. 
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lettuce, plantain and green clover and timothy hay, were 
fed ad lib. 

Lot II: Basie foods and glucose, supplied to females 
Nos. 9, 14 and 5. The diet was the same as in Lot I, 
except that Karo corn syrup was added in a 50 per cent. 
solution in distilled water, the mush being made of the 
same consistency each time by measuring the quantity 
of alfalfa meal and solution. 

Lot III: Basie foods, glucose and iodine, supplied to 
females Nos. 7 and 19. The diet was the same as in Lot IT 
with the addition of six grains of KI for each rabbit. 

All the animals had a continuous supply of distilled 
water available at all times. 
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Results: 

Lot I: Basie food. No young were born to this lot. 
They showed a gradual loss in weight with tendency to 
snuffles. 

Lot II: Basie food, with glucose. Two of this lot died 
from snuffles and the third one, No. 5, littered seven young 
but devoured them. 

Lot III: Basie food, glucose and KI. No young were 
produced and the appetite, ravenous at first with the glu- 
cose, became rapidly less. All were subject to snuffles. 
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Preliminary Mixed Diet of the Rats. 

The rats were weaned at thirty days of age and sepa- 
rated from their mothers, being placed immediately on 
the experimental diet. The maternal diet for several 
generations had been two parts yellow corn, one part 
wheat bran, one part oats, one part wheat middlings, one 
part tankage and one half part linseed meal. City water 
was at all times available in siphon bottles. 

Experiment IT: Rats, young stock. Twelve female rats 
one month old were placed in four cages, with a fraternal 
male for each group. The rats taken from two litters 
were divided so that sisters were in separate groups. 
The weights and records of the rats were taken at inter- 
vals of five days. 

Lot I: Basie food, supplied to nen 1, 2,3 and male 4. 
Alfalfa meal, twenty grams, mixed with equal quantity of 
distilled water to soften. During the first five days after 
weaning, milk was used, but was then replaced by distilled 
water. 

Lot II: Basie food with thyroid extract supplied to 
females 5, 6, 7 and male 8. Diet same as in Lot I plus 1 
grain of thyroid extract, desiccated. 

Lot IIT: Basie food plus glucose, 50 per cent. solution 
in distilled water, supplied to females 9, 10, 11 and 
male 12. Diet same as Lot I with twenty grams of alfalfa 
meal and twenty grams of 50 per cent. glucose in distilled 
water, to make soft mush. 

Lot IV: Basie food, with glucose and desiccated 
thyroid, supplied to females 13, 14, 15 and male 16. Diet 
same as Lot III, with the addition of one grain of desic- 
eated thyroid extract. 


Results: 


Lot I: The food was insufficient to keep the stock alive. 
They died in a month from starvation, apparently. 

Lot II: Basie food plus desiccated thyroid. The 
thyroid speeded up metabolism and induced death in ten 
days. 
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Lot III: Basic food plus glucose. Weights increased at 
first. The appetite was ravenous, then became poor. 
The first to die lived thirty days on the experimental diet. 

Lot IV: Basie diet, glucose, with desiccated thyroid 
extract. The metabolism was tremendously speeded up, 
with the thyroid acting as an accentuator of the food defi- 
ciency effects. One male died at the end of ten days, the 
two females died at the end of sixteen days, while the 
second male survived the experiment. 


GENERAL CONCLUSIONS 

The diet contained vitamin-rich foods such as alfalfa 
meal, lettuce and timothy hay, all with considerable quan- 
tities of vitamins A, C and E. It was rich in minerals, 
calcium, sodium, phosphorus, potassium and had traces 
of iodine. Iron, found in all green vegetables, was pres- 
ent, but perhaps not in sufficient quantity. The rabbits 
received rock salt (rich in iodine) in addition. The chief 
deficiencies seemed to be in calories and in fats. The 
requisite fuel, however, was furnished by the glucose 
given in Lots IT and III to the rabbits, and Lots IIT and 
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IV to the rats. Death was therefore not due to avita- 
minosis, but to insufficient carbohydrates and fats. 

Probably the deficiency in carbohydrates was accentu- 
ated by the action of the iodine which reduces the carbo- 
hydrate content of the liver. 


SUMMARY 

(1) After preliminary feeding with a mixed diet, rats 
and rabbits were placed on a standard basic diet and 
certain lots were given glucose, KI and desiccated thyroid 
extract. 

(2) The glucose appeared to retard weight decrease 
otherwise occurring under heavy iodine feeding. AI- 
though the food was rich in minerals and contained vita- 
mins A, B, C and F, it became evident that the quantities 
of fats and calories were too low to support life. 

(3) Iodine influence on metabolism was marked under 
the deficiency. 
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A THREE-EYED HADDOCK, WITH NOTES 
ON OTHER THREE-EYED FISHES 


DR. E. W. GUDGER 
AMERICAN MUSEUM OF NATURAL HISTORY 


In the New York Herald-Tribune for October 9, 1927, 
was an announcement of the capture by a fisherman on 
the fishing schooner ‘‘ Marjorie Parker’’ of a three-eyed 
haddock in the south channel of Boston Harbor. Here 
it was stated that ‘‘the third eye is midway between the 
normal ones.’’ In the rotogravure section of the New 
York Times for the following Sunday (October 16) was 
a picture with the following caption: ‘‘The oddest fish in 
the sea... a haddock caught off Boston, which was 
found to have three perfect eyes, the third in the middle 
of the head.”’ 

I then set to work to find the original of the photograph 
published in the Times. Presently I got in touch with 
Mr. J. V. Dumas, sales manager of the ‘‘ New York Times 
Wide World Photos,’’ who courteously sent me a copy of 
the figure referred to above and what is more to the pur- 
pose of this article he also sent a photograph showing the 
head in closer view than is seen in the figure in the Times. 
This third eye is placed on the back of the head in the 
median line and looks like a perfectly good eye. 

Both these figures are herein reproduced as Nos. 1 and 
2. The first photograph is in the original 8 by 10 inches 
in size and shows a man holding the fish in his hand. 
This has been cut down so as here to show in Fig. 1 the 
fish, the hand holding it and part of the man’s coat. 
From the second photograph (which is of the same size) 
the head of the fish*has been cut out and is reproduced 
as Fig. 2. The first figure shows that the head (when 
compared to the size of the hand holding it) is evidently 
that of an adult fish. This does not show the eye clearly. 
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Fie. 1. The three-eyed haddock in the hand of its captor. Comparison of 
the size of the man’s hand and of the head of the fish 
indicates that it was an adult. 

Copyrighted photograph reproduced by courtesy of the Wide World Photos. 
The third eye is, however, plainly shown in Fig. 2, and 

is apparently a perfectly good eye. 

Every effort has been made to find the fish, but in vain. 
I have had letters from two men who saw the fish (one 
the manager of the fish wharf where it was landed), and 
both of them thought it had gone to some museum in 
Boston. However, inquiries at the Museum of Compara- 
tive Zoology, Cambridge, and at the Boston Society of 
Natural History showed that neither had acquired it. 
The consensus of opinion is that some private collector 
of curios got it. In the light of what is to follow, it is 
particularly unfortunate that the fish was not examined 
by some scientific man. 

Turning now to the literature, we find very few refer- 
ences to this phenomenon. The earliest known record of 
this abnormality is of a whiting which had three eyes, 
two in their natural position and one between these two. 
This fish was exhibited before the British Association at 
its meeting at Newcastle in 1863.*. In the report the fact 


1 Rose, C. W., ‘‘ Notice of a Monstrosity in a Whiting (Gadus mer- 
langus).’’ Report British Association Advancement of Science, 1863, 
Zoology, p. 105. 
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Fig. 2. A nearer view of the head of the three-eyed haddock. Note the 
position of the third eye and its sharp differentiation 
from the scaly skin. 
Copyrighted photograph reproduced by courtesy of the Wide World Photos. 


as stated above is recorded, but unfortunately no descrip- 
tion whatever is given, even the size is not noted. If the 
position of the third eye is correctly given, it would seem 
that this was probably an embryo as will be seen for other 
forms later. Unfortunately, no further study of this 
specimen seems to have been made, at least no record is 
to be found in the literature. 
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The next earliest account of a three-eyed fish is from 
Windle? (1895), who had four specimens of trout em- 
bryos having three eyes each. Three of these had the 
head rather wider than usual with a third eye between 
and slightly forward of the two normal eyes. This may 
be seen in Fig. 3, a reproduction of Windle’s illustration. 


Fic. 3. Head of a three-eyed trout embryo. 
After Windle, 1895. 


The fourth fish also had a median eye, but one larger than 
either of the lateral eyes. Windle also figured a four- 
eyed fishlet in which there were two median eyes in close 
juxtaposition. It seems that these third eyes (of which 
unfortunately no sections were cut) were the result of 
confluence of what would have been the heads of a two- 
headed monster. The four-eyed specimen can not be 
otherwise explained. 

In 1906, Gemmill* published an article in which he 
described two specimens of abnormal trout embryos 
(lengths not given, but evidently newly hatched). One 
had a cleft in the right upper jaw, ‘‘looking like a hare- 
lip.’’ Nothing could be made of this until sections were 
cut when he ‘‘found that a small additional eye lay at the 
bottom of this cleft, in the roof of the mouth, to the right 
side of the middle line, in the same transverse plane as 


2 Windle, B. C. A., ‘‘On Some Double Malformations amongst Fishes.’’ 
Proceedings Zoological Society London, 1895, p. 424, pl. xxv, fig. 1. 

3Gemmill, J. F., ‘‘Notes on Supernumerary Eyes ...in Trout Em- 
bryos.’’ Proceedings Zoological Society London, 1906, pp. 449-452, pl. 
XXXII. 
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the normal eyes.’’ This eye was fairly well developed 
and had for an optic nerve a bundle of fibers derived 
from the right optic nerve. This looked to Gemmill like 
a case of mere reduplication, but a study of the underly- 
ing brain structures led to the conclusion that it was a 
genuine third eye which had become obscured by the more 
predominant growth of other parts. 

The second specimen looked quite normal save for ‘‘the 
presence of a tiny refractive knob behind the left eye.’’ 
When the head was sectioned this was found to be a rudi- 
mentary eye. Had these two specimens been allowed to 
live, Gemmill thought it possible that both (or at any rate 
the second pretty surely) might have attained some size. 
Neither of these fishes is figured in external view. Prob- 
ably the explanation for both cases is that there was here 
a partial doubling of the anterior end of the embryonic 
body, with a suppression or failure to develop of the 
fourth eye of what might have been a four-eyed monster. 

In 1909 Professor Charles R. Stockard,* in a study of 
artificially produced embryos of Fundulus heteroclitus, 
found a double-headed monster having three eyes. This 
is refigured herein as No. 4, from his Figures 21 and 22. 
In his Figure 21 the monster is three days old. The two 
normal eyes are laterally placed in normal fashion, while 
the third eye is at the base of the notch between the two 
heads, and to the immediate right of.it is a circular lens- 
like body (marked L) occupying the position of the left 
or inner eye of the right-hand head. His Figure 22 shows 
the fish at the age of eighteen days. Here the third 
(median) eye is apparently about as well developed as 
either of the two lateral ones, with the left of which it 
plainly forms a pair. The body marked L in Figure 21 
is no longer visible. 

Three hours after the drawing (No. 22) was made, the 
little monster broke out of its egg shell (7.e., hatched) and 


4Stockard, Charles R., ‘‘The Development of Artificially Produced 
Cyclopean Fish—‘The Magnesium Embryo.’’’ Journal Experimental 
Zoology, 1909, Vol. 6, pp. 322-325, figs. 21 and 22. 
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Fig. 4. Head of a doubled-headed three-eyed Fundulus embryo—no. 21, 
3 days old; no. 22, 18 days old. 
After Stockard, 1909. 


swam about abnormally—circularly, the body not 
straightening out in normal fashion. Five days after 
hatching, the fish was killed and preserved for sectioning. 
When sections had been cut it was clearly shown that this 
median eye is the right eye of a pair belonging to the left 
head. Furthermore, there was found lying free in the 
tissues the lens, which was no longer visible on the ex- 
terior. The position of this showed that it represented 
the left eye of the right head. Here, then, is a monster 
of the double-headed type with two good lateral eyes, one 
eye of the inside pair developed and one suppressed— 
represented by a free lens only. 

The next title’ gave forth no uncertain sound. This 
specimen, 19 em (7.5 in.) long, was sent in from the fish 
quay at South Shields to the Dove Marine Laboratory at 
Cullercoats. As to the facts in the case let us hear from 
Professor Meek: 


The specimen was photographed, and a careful dissection was entered 
upon. I noted a small but not at all prominent transverse cut behind the 
important looking third eye, but that did not prepare me for finding the 
eye in question quite loose in a cavity behind the normal right eye. It was 
not connected with anything inside of the head. There was a remnant of the 
inferior oblique muscle, and the optic nerve had been cut close to the eye. 


5 Meek, Alexander, ‘‘A Three-Eyed Dab [Hippoglossoides limandoides].’’ 
Report Scientific Investigations Northumberland Sea Fisheries Commission 
for 1909-1910, 1910, p. 44. 


FEY 
ff. 
VES 
21 00 


No. 683] THREE-EYED FISHES 565 


I actually cut the latter into sections before I wrote in my laboratory diary, 
‘¢Tt was therefore a clever deception.’’ 


A few days later a man visited the laboratory and 
asked if any one had ever seen a three-eyed dab. On 
being told of a ‘‘faked’’ specimen sent in, he confessed 
hat he had made it up. He said that he had practiced 
on several fish until he was able to make one which de- 
ceived even the men accustomed to catch and handle fish. 
Several of these ‘‘fakes’’ he had put in baskets of fish 
exposed in the fish market at North Shields. 

Thinking that other like ‘‘curiosities’’ might fall in 
the hands of other men, Meek published this short exposé 
te clear the matter up. 


Fig. 5. A three-eyed trout embryo, length about 20 mm. 
After Gemmill, 1912. 


In 1912, Gemmill® again figured and described in full 
a three-eyed trout embryo having two normally placed 
lateral eyes and a median anterior one having a normal 
lens. This little fish (which had hatched) was about 20 
mm long and is figured herein as No. 5. The ventral view 
of this embryo showed that it had two mouths, and sec- 
tions through the anterior part of the head revealed the 
fact that the median eye is formed by the fusion of the 
two separate eyes. This little fish then is a double mon- 
ster in which fusion of the two heads has been complete 
even to the fusion of the two inner eyes. This fishlet falls 
in line with that which Gemmill had previously described, 


6Gemmill, J. F., ‘‘The Teratology of Fishes.’? Glasgow, 1912, p. 14. 
pls. I, figs. 4 and 5; X, figs. 39 and 40. 
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and with Stockard’s three-eyed specimen—in which, how- 
ever, the fusion was less complete. 

Last of all, in 1926 Chidester’ figured and described a 
three-eyed Pacific salmon from a government fish hatch- 
ery at Battle Creek, California. This extraordinary- 
looking little fish, shown herein as Fig. 6, was 28 mm 
long, and possessed two normally placed lateral eyes, 
each about 2.5 mm in diameter, and a third and smaller 
eye (about 1.7 mm in diameter) situated just behind and 
above the normal left eye. 

The inset figure shows the head in dorsal view, and the 
two figures studied together show clearly the relative 
positions of the three eyes and of the normal and abnor- 
mal (‘*Sn., see. sn.’’) snouts. Extraordinary as is the ap- 
pearance of this fish, it was entirely normal in growth, 
for its length (28 mm) agrees well with that of the two 
controls sent with it, since they were 25 and 27 mm each 
in length. The mouth, as seen in Fig. 6 and as shown in 
the figures of the sections cut through the head, was ap- 
parently normal, and it would seem a reasonable conjec- 
ture that, had the little salmon not been preserved as a 
specimen, it would possibly have grown to maturity. It 
is a mere coincidence, but it may be mentioned that the 
third eye of Chidester’s specimen, like that of Gemmill’s 
second specimen (1906), is situated behind the left eye. 

Here again we apparently have a case of the fusion of 
two heads, but the interpretation of this case is not so 
easy as that of the previous cases. Presumably the left 
lateral eye (see inset figure) is the left eye of the right 
head with which the right eye of the left head has fused. 
Tt is clear, however, that the left head is not so well de- 
veloped as the right. 

Finally, it must be noted that all these three-eyed fishes 
are embryos. Omitting the entirely problematical case 
of Rose’s specimen, it is significant that the haddock 
under consideration, if it be a real and not a ‘‘faked”’ 


7 Chidester, F. E., ‘‘A Pacific Salmon with Three Eyes.’’ AMERICAN 
NATURALIST, 1926, Vol. 60, pp. 293-296, 6 text-figs. 


No. 683] THREE-EYED FISHES 567 


Fic. 6. A three-eyed salmon embryo (28 mm long) seen from the left side, 
showing the third eye (Th. eye) and the secondary snout (Sec. sn.). The 
inset figure shows the head from above—the secondary snout is now more 
apparent. 

After Chidester, 1926. 


specimen, is the only adult three-eyed fish ever recorded. 
Unfortunately, those who saw this fish and the man who 
photographed it did not note any dimensions. However, 
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if the size of the head of the fish be compared with that 
of the hand of the man in which it is held, it is plain that 
the fish was adult. Then comes the question—‘‘Is this 
eye a natural one or is it a ‘faked’ one as in Professor 
Meek’s specimen?’’ To this question it is impossible to 
give an answer based on personal inspection. It has been 
impossible to trace the fish after it was photographed, 
and eareful study of the photographs gives compara- 
tively little help. While it is clear that the median eye is 
not insunken as are the two normal eyes, it is evident 
that, since the latter is found in the region of the back 
part of the skull, it could not sink in far. 

If this third eye is a natural one, it may have one of 
two possible origins. It may in the first place be the 
product of the fusion of the two inner eyes of a fused 
two-headed embryo, as may be seen in Fig. 5 from Gem- 
mill. On this point, however, the answer is in the nega- 
tive, since the photographs give no evidence whatever of 
duplication. The head seems to be perfectly normal in 
every respect. Furthermore, the third eye is too far 
back to have been formed in this way. All the third eyes 
in the embryos figured and studied are forward of a line 
joining the centers of the two normal eyes, save only 
Gemmill’s second troutlet of 1906 and Chidester’s em- 
bryo salmon, where the third eye is above and behind the 
normal left eye. One must, however, allow for the elon- 
gation of the head in the production of the snout as the 
embryo develops into the adult fish. But making such 
allowance, one can not conceive that a third eye, formed 
by fusion of the inside eyes of a fusing two-headed mon- 
ster, could ever have gotten so far back as is the third 
eye of this haddock. The second possible origin is that 
the third eye in this haddock may be a development of 
the pineal body, a ‘‘ pineal eye’’ such as is found in Petro- 
myzon and other lampreys, and in some lizards as Sphe- 
nodon. To test this out I have dissected three haddock 
heads of 5, 5.5 and 6 inches length from snout to occiput, 
and in none could I find any pineal body. In teleosts gen- 
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erally this organ seems to be a mere microscopic remnant 
or lacking entirely. Furthermore, even in Petromyzon, 
where the pineal is best developed in the lower fish-like 
vertebrates, and in the salmon, where it is possibly most 
perfected of any teleost, this organ is a mere flattened 
sac-like body lying on the under side of the roof of the 
skull. It is still more highly developed in some of the 
lizards, where there is a foramen in the skull just over 
this organ. However, even in the lizards it totally lacks 
the structures of the eye—pupil, iris, lens, the coats, eye 
muscles—those structures that make the eye the organ of 
vision. In Fig. 2, however, we have what is in all appear- 
ances a perfectly good eye. 

In the next place the eye seen in Fig. 2 is too far back 
to be a development of the pineal body. In the three had- 
dock heads dissected, the position of the pineal body, if 
present, would be slightly back of a line joining the 
hinder edges of the paired normal eyes. From this point 
of view this third eye is too far back, is over the occiput, 
at best over the cerebellum and the medulla. By mea- 
surement it is placed about the diameter of an eye behind 
a line joining the centers of the pupils of the paired eyes. 
This would bring it right on or in the middle region of the 
erest of the skull. This crest begins about on the line 
joining the centers of the two eyes and rises steadily to 
the highest point at the rear of the skull. In the skulls 
dissected this ridge is 0.5 inch high at the point where the 
third eye is shown in the photographs. Moreover, at this 
point the skull is very thick and hard. 

All these facts negative in the most positive fashion 
the idea that this third eye can be a development of the 
pineal body, but they leave one still asking what this 
organ is. The answer is that it is a perfectly good eye, 
for it has the iris and the pupil showing plainly. Normal 
eyes, however, are set in sockets and their outer covering 
is a development of the general integument and shows an 
unbroken gradation into this. The outer covering of the 
third eye as shown in the photograph is, however, sharply 
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delimited from the scaly skin; moreover, in front it seems 
to have undergone considerable disturbance. 

In summation of the whole evidence as presented in the 
preceding paragraphs, I am forced to the conclusion that 
this third eye is a ‘‘faked’’ one, as was the one in Meek’s 
specimen of the dab; that skin, flesh and bone have been 
skilfully eut away, and another haddock eye has been dis- 
sected out and inserted in the artificial socket. If this is 
a ‘‘faked’’ specimen (and no other conclusion seems pos- 
sible) it must be acknowledged that it is skilfully done. 
And so skilfully has it been done that only after careful 
study of the whole matter has such a conclusion been 
reached by me. Study of the fish itself would of course 
clear up the whole question, but this unfortunately is 
impossible. 


SHORTER ARTICLES AND DISCUSSION 


TWO FURTHER NOTES ON THE ORIGIN OF 
DOMINANCE 


Since the publication in April, 1928, of my calculations of 
‘‘The possible modification of the response of the wild type to 
recurrent mutations,’’? (THE AMERICAN Naturauist, LXII, pp. 
115-126) the interest of a number of geneticists, some of whom 
were personally unknown to me, has brought many further 
facts into the discussion, in the light of which the somewhat 
tentative tone of that paper seems to have been unnecessary. 

(a) The first point, the facts of which I owe to Mr. J. B. 
Hutchinson, arose in some investigations into the genetics of the 
eotton plant, by Dr. S. C. Harland, which I understand are to 
be published during this year. The case illustrates well how 
decisive evidence may sometimes come from an entirely unfore- 
seen quarter; for it provides the most direct demonstration 
possible of the acquirement of dominance in response to a muta- 
tion. 

It appears that a mutant form, Crinkled Dwarf, which oc- 
curs in the Sea Island cottons, is, in that species, a simple reces- 
sive, while in other New World species it is not known to occur. 
These species, moreover, are mutually quite fertile, and there- 
fore the mutant gene can be introduced into any of them by 
crossing. Dr. Harland has done this with at least two other 
New World cotton species, with the same result. The F, plants 
were slightly modified by the mutant, showing even at this stage 
some incompleteness of dominance. In the F,, formed by self- 
fertilization, every degree of dominance seems to have appeared 
in a quite unclassifiable series. It can scarcely be doubted there- 
fore that the Sea Island cottons, among which this mutant ap- 
pears, differ from other New World species in a number of 
modifying factors which function together to render it dominant 
to the mutant. Dominance in this case must have been evolved 
since the separation of Sea Island from the other New World 
cottons. 

571 
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(b) In my previous paper I mentioned the exceptional case 
presented by poultry, in which a large number of the charac- 
ters which distinguish the domesticated breeds from the wild 
form are non-lethal dominants. The case was left aside as un- 
explained, not that the difficulty it offered was opposed especi- 
ally to my own views, but being on any view exceptional it would 
necessarily require a special explanation. It was not obvious to 
me why this species should offer an exception to the rule to 
which other animals and plants, including some other birds, ap- 
peared to conform. I must now withdraw the statement that 
the theory of the evolution of dominance by selection appears 
to throw no light upon the ease of poultry; for that theory seems 
to be capable of doing its full duty of explaining both the rule 
and the exception. 

It is now generally admitted that many mutations which in 
the wild state were kept rare by counter-selection have been in 
domestication not merely sheltered from competition, but 
favored by man for their novelty. The mutant forms have at- 
tracted man’s interest, are valued by him, and form the dis- 
tinetive characters of many domesticated breeds. In most spe- 
cies the novelties appear as recessive segregates, and can at once 
be bred true. It appears to me that the exceptional cireum- 
stances needed to explain the case of Gallus are to be sought, not 
in the wild species, but in the conditions of its domestication. 
For, unlike other domestic animals and plants, the domestic hen 
is, in its own country, constantly liable to be mated by wild 
cocks ; this is frequent in India to the present day and must have 
been the prevalent condition especially in the early stages of 
domestication by jungle tribes. In these circumstances the only 
mutants which could be established in the domestic flock would 
be those in which the heterozygote differed from the first some- 
what from the wild type; that is, mutations which were not com- 
pletely recessive. Moreover, these heterozygotes would very 
frequently appear in domestic broods mixed with chicks of the 
wild type, and the distinctions of the breed could only be main- 
tained by human selection. Such selection would necessarily 
favor those which differed most clearly from the wild type, or 
in fact, those in which the mutation was least recessive, or most 
dominant. 

This case of human selection for dominance of the mutant 
differs from the natural selection for dominance of the wild type 
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in that the whole population exposed to selection consists of 
heterozygotes, instead of only one in some five or ten thousand. 
Its evolutionary effect, in the absence of inbreeding, will there- 
fore be correspondingly rapid, and it is not surprising that great 
changes should be produced in a thousand generations, or even 
much less, especially in view of the statement (Punnett, ‘‘ He- 
redity in Poultry,’’ 91-94) that several of these very mutants, 
among comb characters, for example, both Pea and Duplez, 
show very variable degrees of dominance in different breeds. 

It will be observed that this explanation covers both the high 
proportion of non-lethal dominants, and the high degree of 
dominance shown by them in the breeds of domestic poultry; 
it is moreover capable of direct experimental verification, for 
it does not involve the corresponding modification of the wild 
species. The crucial test would consist in crossing any one of 
these dominants, such as dominant White, continually back into 
a line of genuinely wild jungle fowl; the White gene should 
then, on the view developed above, lose its dominance to an ap- 
preciable extent in a few generations, and when the homozygous 
White was reconstituted in birds principally of wild ancestry, it 
should be appreciably different from the heterozygotes in the 
same stock. White would not, however, in my view be expected 
ever to become a complete recessive in such an experiment. 

In several ways the theory of the evolution of dominance 
throws light upon evolutionary problems. It is evidently quite 
unnecessary to view the ordinary recessive mutation as evidence 
of the ‘‘dropping out’’ of the original gene, or to regard the 
ease of poultry as exceptional in that ‘‘something new has been 
added.’’ The assumption, always plausible but not positively 
helpful to the problem presented by the dominant mutants, that 
our domestic breeds are descended from more than one species 
of Gallus, is now evidently superfluous in this connection. 

In regard to mutation rates the case of cotton shows at once 
that with the evolution of new species new mutations may com- 
mence to occur, or at least to occur with appreciable frequency. 
While, on the other hand, the large number of mutations which 
are almost completely recessive implies, in view of the slowness 
with which dominance must in most eases be modified, that many 
unfavorable mutations have persisted in occurring for an im- 
mense period. 
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Perhaps the most illuminating sidelight of all which it throws 
upon evolutionary theory arises from the fact that it reveals an 
effect of natural selection which has nothing to do with the 
adaptation of the species to the conditions of its environment. 
The work of adaptation has hitherto seemed to be the only one 
upon which natural selection is engaged, and nothing could be 
more difficult to measure than achievement in this respect. It 
has now been shown that the same agency, as a minute by-pro- 
duct of its activity, must also tend to modify dominance, and, if 
the recessiveness of each several mutation be referred to this 
cause, the vast number of reactions which must have been so 
modified gives a measure of its efficacy, which might have startled 
even a Weismann. 


R. A. FisHer 
ROTHAMSTED, AvG. 22, 1928 
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